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NOTICES 
Donations to the Society 


The Council gratefully acknowledge a donation of 4250 from the Society 
of British Aircraft Constructors to the funds of the Society. 


The Council have also to acknowledge a generous donation of 4250 a year 
for five vears from the Air Ministry to the funds of the Society. 


Election of Members 
The following Members were elected at a Council Meeting 
November roth :— 
Fellow.—Mr. W. T. Reid. 
Associate Fellows.—F light Lieutenant A. C. Kermode, Mr. T. 
Nirkup, Mr. C. T. Travers, and Mr. I. Tymms. 
Students.—Mr. J. C. Clason, Mr. R. M. Hayes, Mr. J. H. Powle, 
X. Stennine, and Mr. S: Stiever- 
Associate Member.—Myr. W. E. Gray. 
Foreign Member.—Lieutenant Commander M. Hirose, I.J.N. 


Informal Discussion 

The next informal discussion will take place on Thursday, December 17th, 
in the Library, at 6.0 p.m., and will be on the subject of ** Aero Engine Starting 
Gear.”* No tickets are needed for admittance. Members are reminded that 
these discussions are really informal, so that anvone who has anything to say, 
however little, is particularly invited. And what is said is not published in the 
same wav as the discussions to lectures. 


> 
Students’ Meetings 
Several Students having expressed a wish for the revival of the Socicty’s 
Students’ Meetings, a small committee has been formed to draw up a programme, 
and it is hoped that a start will be made in the New Year. 


The Institution of Automobile Engineers 
The following letter has been received, and it is hoped that Members of 

the Society will take advantage of the kind invitation contained therein :— 

Dear Sir,—The Council of the Institution of .\utomobile Engineers 

feels that there are a great number of problems in which the designer of 
the engine for aeronautical purposes and the designer of the engine for 
automobile purposes are equally concerned and that a great deal of good 
could be accomplished atfording more opportunities for the designers of the 
two types to meet together and discuss their joint problems, 
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To this end the Council of this Institution desires to extend a very 
cordial invitation to all the members of the Roval Aeronautical Society to 
attend the meetings of this Institution at which subjects are discussed which 
may be of interest to them. Papers are read before the Institution in 
London, Birmingham, Coventry, Wolverhampton, Manchester and Glasgow, 
and members of the Society will be equally welcome in any of the Centres. 

The Council desires to make attendances at these meetings as free as 
possible from formalities, but it would be a convenience if members of the 
Society who desire to attend a meeting of the Institution would kindly 
apply for tickets of admission beforehand so that the number for whom 
refreshments have to be provided can be more easily gauged. 

1 am instructed by my Council to express the hope that the interchange: 
which such meetings would permit may be appreciated by the members otf 
your Society and may be to the mutual benefit of the two bodies. 

Yours faithfully, 
(Signed) Bast H. Joy, 
Secretary. 
Attention is called to the following two papers to be read before the 
Institution in connection with the above letter. Further particulars may he 
obtained trom the Secretary to the Institution. 


Title and Author of Paper. Centre. Date. 
* Sleeve Valve Engine Development,” Coventry. December 8th. 
by AW. Ferrier Brown. Birmingham. December 14th. : 
Wolverhampton. December 15th. 
Glasgow. December 21st. 
London. January 5th, rg26. 
Manchester. January 24th. 
* The Metallurgist in Inspection and Birmingham. March 8th. 
Design,’ by Topliss. Manchester. March 24th. 


Journa! Binding and the Index 

Inserted loosely in the December issue of the Journal vill be found the Index 
and Tithe Page for the current volume. Members wishing to have their copies 
bound should send them to The Lewes Press Ltd., High Street, Lewes, with 
their name and address inside, and send a remittance of 4,6 to the Secretary 
at 7, Albemarle Street, W.r. The charge for binding former volumes is 5/6. 


R.38 Memorial Prize Regulations 


From the income of the above fund a sum of twenty-five guineas will be 
offered as a prize for the best paper received by the Royal \eronautical Society 
on some subject of a technical nature in the science of aeronautics. Other things 
being equal, preference will be given to papers which relate to airships. 

The prize is open to international competition. The Royal Aeronautical 
Society retains the right to withhold the prize in any vear if it is considered that 
no paper is of sufficient merit to justify an award 

Intending competitors should send their names to the Secretary of the Royal 
Aeronautical Society, 7, Albemarle Street, London, W.1, on or betore December 
3ist, 1925, with such information in regard to the projected scope of their papers 
as will enable arrangements to be made for their examination. The closing date 
for the receipt of papers will be March 31st, 1926. 

Papers, which must be submitted in either French or English, should in all 
cases be typed, and a copy should be retained by the author as the Society can 
take no responsibility for the loss of copies submitted to it. 
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Successful papers will become the absolute property of the Society and in 
most instances be published in the JOURNAL OF THE RoyaL AERONAUTICAL SOCIETY. 
A signed undertaking must accompany each paper to the effect that publication 
has not already taken place and that the author will not communicate it elsewhere 
until the Society’s award is published. 

The Society attaches special importance to papers showing original work, 
and due acknowledgment must be made by the author of the source of any special 
information. 


The 60th Anniversary of the Society's Foundation 


January 12th, 1926, will be the Society’s sixtieth birthday. .\ Committee 
has been appointed to make the necessary arrangements to celebrate it. This 
celebration will, as provisionally arranged, take the form of a conversazione. 
A notice and further particulars will be sent to each member in due course, but 
it is hoped that as many members as possible will keep the evening of January 


12th, 1926, free. 


Provisional Programme for the Second Halfj of the 6ist Session 
Members are requested to note that the Society's ordinary fortnightly 
meetings will, in the New Year, be held at 6.30 p.m. instead of 5:30 p.m. in 
the Library at 7, Albemarle Street, W.1. 
Thursday, January 7th. Professor A. J. Sutton Pippard, Fellow, on ‘ The 
Experimental Stress Analysis of Braced Frameworks and_ its 
Application to Airship Design.”’ 
Thursday, January 28th. Major J. S. Buchanan, Associate Fellow, on ‘‘ The 
Schneider Cup Race.”’ 
Thursday, February 4th, 7.0 p.m. Joint Meeting with the Institution of 
lufomobile Engineers, at the Royal Society of Arts. Mr. C. L. 
Lawrence, on ** American Aircraft: Engine Development.”’ 
Thursday, February 25th. Mr. A. J. Cobham, on ** Long Distance Aeroplane 
lights.”’ 
Thursday, March 4th.  Lieutenant-Colonel V. C. Richmond, Associate 
Fellow, on ** The Results of Recent Airship Flight Tests.” 
Thursday, March 18th. Flight Lieutenant H. Cooch, on ** Landing Aero- 
planes in Fog.”’ 
Thursday, April 15th. Captain G. T. R. Hill, Associate Fellow, on ‘* The 
Tailless Aeroplane.” 
Thursday, April 29th. Major G. H. Scott, Associate Fellow, on ‘* The 
Development of .\irship Mooring and Handling.”’ 


The Month’s Arrangements 

Thursday, December 3rd, at 5.30 p.m., in the Library. ‘* The Control of 
Stalled Aeroplanes,’ by Professor Melvill Jones, A.F.C., 
Associate Fellow. 

Thursday, December 17th, at 6.0 p.m., in the Library. Informal Discussion 
on Engine Starting Gears.’’ 

Thursday, January 7th, at 6.30 p.m., in the Library. Professor A. J. Sutton 
Pippard, Fellow, on ‘* The Experimental Stress Analysis of Braced 
Frameworks and its Application to Airship Design.’ 

Tuesday, January 12th. The Society's sixtieth birthday. 

J. Pritcuarp, 
Honorary Secretary. 
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PROCEEDINGS 
SECOND MEETING, First Har, 6IsT SESSION 


A Meeting of the Royal Aeronautical Society was held in the Society's 
Library at 7, Albemarle Street, London, on Thursday, October 15th, 1925, when 
«a paper on ‘* Air Surveys in Burma ”’ was read by Major C. K. Cechran-Patrick, 
D.S.O., M.P., Associate Fellow. Air Vice-Marshal Sir W. Sefton Brancker, 
K.C.B., A.F.C., Fellow (Chairman of the Society), presided. 

Before calling upon the lecturer to read his Paper, Sir SEFTON BRANCKER said : 
My first duty this afternoon is a very pleasant one, and that is to present to 
Majer Tucker the Silver Medal for the best paper given to the Society in 1924. 
The paper was on ** Sound Reception.”’ Major Tucker is a scientist of twenty 
years’ experience, and when the war broke out he joined up and became a soldier 
for the first time in 1915. He at ence began work on the direction of the range of 
guns by means of sound, and invented the het wire microphone, which was of 
enermous use in this work. This instrument soon came into general use, and in 
fact go per cent. of the hestile guns were accurately ranged by this method. In 
1917 he turned his attention to the location of enemy aircraft by sound, and he has 
been engaged on that work ever since. He has conducted most interesting 
researches into this problem, ali of which are of great importance from the 
military point of view. I hope that his methods may be applied for the use of 
commercial aircraft, and I believe that they may prove invaluable in helping them 
to land in fog and bad visibility. i have much pleasure in presenting him with the 
Silver Medal of the Society. 

I have now te introduce to vou Majer Cochran-Patrick, and as T shall not be 
able to stay for the discussion, I should like to say now how very much | am 
interested in his Paper. When Major Kemp, who was working with him, first 
undertcok the survey of the jungles near Rangoon, I was very far from believing 
that such a success would be made. I had the good fortune to go out there later 
myself, and saw his excellent organisation in operation. | was greatly impressed 
by the immense amount of good the survey was deing, its success had converted 
conservative opinicn to a real belief in the pessibilities of aerial survey. This is, 
I believe, the first survey on such a large seale to be carried out by English 
private enterprise. The Canadian Government have, of course, shown great 
enterprise in emploving aeroplanes in surveying, but their eperations were mostly 


carried out by Government aircraft. 


The success of the air surveys in Burma fas raised the prestige of British 


aviation, and converted many to believe in the merits of aerial survey. 
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AIR SURVEYS IN BURMA 


BY MAJOR C. K. COCHRAN-=PATRICK, D.S.0O., M:C. 


(OF THE AIRCRAFT OPERATING Coy.). 
Introduction 

The air surveys undertaken in Burma in 1924 and the beginning of the 
present year originated in a suggestion by Mr. C. E. Hay, of the India Forest 
Service, that aerial methods would be best for surveying the Delta of the Irra- 
waddy. The suggestion was not taken up seriously until 1920, when Mr. Watson, 
now Chief Conservator of Forests in Burma, and then in charge of the Delta 
Circle, took up the idea with persistent enthusiasm. Mr. Watson visited England 
later in that year and carried his negotiations during the ensuing year so far 
that I remember when we returned from the survey of the Orinoco Delta and 
demonstration in British Guiana at the end of 1921 that we fully expected to be 
on our way to Burma in the next few months. 

As a matter of fact it was not till January, 1924, that I found myself at 
Marseilles looking for the P. & O. liner ** Malwa” to take me to India on 
the way to the Irrawaddy. 

In the meantime conferences between the Survey of India, the Burma Forest 
Department and Mr. Ronald Kemp, Inspector of Aircraft in India, acting in an 
advisory capacity, had ended in the two former departments combining to pay 
for a survey and Mr. Kemp, whose contract with the Government of India 
was just terminating, entering into a private -contract with the Government 
of Burma to complete the air work required. 

When I arrived in Rangoon in February, 1924, preparations for the start 
of the work were well in hand. Mr. Kemp had brought over suticient of the 
De.H.g parts, originally presented to the Government of India, to make up 
two machines, to which he was fitting floats. The resulting seaplanes were 
excellent machines of their tvpe. They handled in the air far more like an 
aeroplane than a float machine, and were a pleasure to take off and land, with 
no tendency to porpoise and quite a good performance considering their engine- 
power. 

On the photographic side Mr. Kemp had been fortunate enough to secure 
the services of Flying Officer J. Durward on loan irom the R.A.F., India. This 
olficer’s services at this stage were invaluable, as he had had considerable 
experience of survey work in Mesopotamia and India. He had practically 
completed the construction of the various dark-rooms and organisation of the 
photographic staif when I arrived, no light task in the time at his disposal, 
as he had only been at Rangoon some three weeks. He combined an expert 
photographic knowledge with considerable practical experience in the air, there- 
fore there was no necessity to train an observer as I had feared would be 
the case. This was particularly important, as there was not much of the dry 
season left in which to complete the survey before the monsoon broke. 

In consequence of this we were actually able to start on the work after 
only two test flights to try out the various alterations which Thad made to 
the machine to suit her for survey work. 


Personnel 


Besides Kemp, Durward and myself, we had two European fitters, one 
rigger and one camera repairer and general photographic assistant. We also 
had two native fitters, five Chinese carpenters, six Indian photographers and 
numerous additional incidental native labour. 
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Equipmeni 

The situation in brief was as follows: 

One seaplane was complete and a second practically so. These, as already 
stated, were standard De.H.g’s, with Siddeley Puma engines, fitted with floats. 
To improve the view, holes were cut in both lower planes covering halt the 


; 

* 

FIG. 1: 
inner section of each plane. In addition to the standard instruments in the 


pilot’s cockpit, an aperiodic compass was fitted in a central position just in 
front of the control and an aneroid with divisions for every 100 feet instead 
of every 200 teet was substituted for the standard one. 


The pilot had a stop watch and exposure indicator. This latter was made 
ting to the observer's exposure handle a long wire rod which terminated 
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in a white disc near the instrument board. When an exposure was made the 
white disc moved. 

At the beginning we fitted an Aldis optical sight on the pilot's right side; 
there was also a negative lens in the floor in which I incorporated a movable 
drift wire operated by a Bowden control, but the only, sight actually seriously 
used was formed by the side cf the floats. It so happened that a straight line 
between the top edge of the pilot's cockpit and the bottom inner edge of the 
float opposite the pilot's head gave just the correct angle for a 30 per cent. 
overlap, using the four-inch side of the plate with a six-inch lens. 

The camera was fitted in the observer's cockpit. This at first was placed 
at the aiter-end so that the cbserver worked looking backwards, but was subse- 


2: 


quentl, altered to the forward end so that the observer looked forward. 
Suitable racks and shelves were provided for spare magazines and also for the 
humerous camera spares and tools required. stop watch was put an 
accessible place, and on either side of the fuselage was fitted a sight of 
Flying Othcer Durward’s own design which had the merit of being adjustable 
to suit any focal length or percentage of overlap required. 

When the work started the cameras used were standard L.B. type with 
Ross six-inch lens, to which we had attached two big carpenter's levels at 
right angles. 

The standard camera mounting was too large and clumsy, so we cut. it 
down considerably and fitted a quick adjustment by which the angle of the 
camera could be altered laterally as well as fore and aft. All-metal magazines 
were used exclusively. Anchor and anchor rope was stored in the bomb com- 
partment just behind the petrol tanks where they could be quickly got at from 
the floats through a trap door in the bottom of the fuselage. 
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Base 

Our base was situated on land belonging to the military authorities at 
Monkey Point, some three miles [rom the centre of Rangoon. When it is con- 
sidered that the prevailing wind blows up the Rangoon River from the sea, it 
will be realised that the situation was ideal. As can be seen, excellent shelter 
is obtained in the Pasundaung Creek for alighting and for the slipway, whereas 
by taxying out into the main river ample room and a handy breeze and lop 
could be found for taking off. 

To take a nearer view, we see in the foreground the powder magazine, 
in which two excellent dark-rooms were made and also a washing and drving 
room. Just behind lies the shed capable of taking two machines comfortably ; 
in front of it are a few small buildings in which were the tinsmiths’ and fitters’ 


Fic. 3. 


shops and a temporary mosaicing room; on the right vou can see the slipwav 
with a machine about to leave on a test flight. 


Area te be Surveyed 


The area to be surveyed lies about ninety miles to the S.W. of Rangoon. 
The country between was intersected with waterways in any of which a landing 
would have been possible, so that it was ideal for scaplane work. The actual 
area as can be seen consisted of a number of large islands divided from each 
other and intersected by innumerable channels through which the Irrawaddy 
empties into the sea. The ground is absolutely flat, seldom rising more than 
five feet above water level, and covered with dense growth, mostly evergreen, 
except in the small northern area shown as the Lebyauk Reserve. The section 
on the extreme cast was added after we had completed the rest of the area. 
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As we were working so far from our main base a river steamer was hired 
to act as a depot ship and loaded with petrol in quantity and tools and spares 
suthicient for the average forced landing. 

As I have already mentioned, two test flights were sufficient to satisfy us 
that we had made all the alterations to the machine and camera that were 
absolutely essential for working, and as the monsoon was rapidly approaching, 
Durward and [| started off on the 19th February to begin the survey. As time 
Was precious we could not carry out experimental co-operation work over a 
surveved area in order to get used to our respective methods of working. 
Having both already had considerable experience of the work, we felt justified 
in going ahead and results proved that we were correct in doing this. 


Fic. 4. 


On our first flight over the Delta we took some test photographs at different 
heights and examined the area generally. As a result of this flight we decided 
to photograph from a height of 10,0co feet by aneroid and to strip east and west. 
We divided the area into four, comprising the three principal groups of islands 
and the Lebyauk area. 

During the photography of the areas further from Rangoon we landed, 
after we had finished, beside our depot ship and replenished ourselves with 
food and our machine with fuel before the return journey. On a few occasions 
we did some further photography before our return, but as this usually meant 
nearly seven hours in the air, we did not do this often. 

The method adopted was evolved as the work proceeded, but the same 
general principles were used from the start. 

As no automatic gear was used for the camera, and as we had constant 
trouble with the shutters until the whole mechanism was radically altered, the 
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observer had his hands full. His work was therefore firstly to keep the camera 
going, secondly to arrange his exposures to ensure the correct overlap on the 
i sf flight, thirdly to keep the camera level fore and aft and swung so that 
it was parallel with the line of flight, and finally, if he had time, to check any 
failure on the part of the pilot to keep the camera level laterally and to arrange 
his diaphragm to suit light conditions on the ground, 
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The pilot in turn had to keep the machine level and at a constant height 
and was responsible for the direction and position of strips and the side overlap, 

Vhe exact procedure was as follows. The machine left Rangoon as early 
as practical, usually about nine o'clock, as it was useless to start photography 
earlier owing to the long shadows, and after about an hour's flight reached its 
working height and also the scene of operations. Signalling to Durward, we 
flew level in any direction until he had adjusted the camera and his sights by 
their respective bubble levels. This done, we started work and continued 
without any further communication unless the camera jammed, until he had 
finished exposing the plates. 

In order to describe the exact method used, I will take a case in which 
we Were stripping east to west, working towards the south, 
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Flying up to the position for the first strip, I started to fly along it at 
what 1 judged to be the correct drift angle. It is surprising how seldom one 
is seriously wrong in judging this angle after a little practice. Looking ahead 
along the line I memorised one or two points over which to pass and the final 
point over which to end. I then held the machine steady on a compass course 
until I saw the exposure indicator move, which showed that we were over the 
start of our line. I at once started my stop watch and sighted to the south 
past my float, memorising a point on the ground in line with the sight. 
Straightening the machine up, | waited for the next exposure, and as soon as 
it came I knew by my stop watch the interval for this strip. It is thus possible 
to tell from the stop watch when the machine must be level for an exposure 
and to arrange to make any observations, etc., immediately after an exposure 
in time to have the machine quite level before the next. 


The length of the strips worked out at about ten to twelve miles, and 
during this distance between one and feur points to the south were memorised 
according to the state of visibility and steadiness of the wind. At the same 
time I checked by the sight on the north as to whether I was following the 
marks memorised on the preceding strip and if necessary altered my compass 
bearing accordingly. 
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This general method may appear somewhat haphazard, but there are several 
reasons for adopting it. The wind was hardly ever constant; there were only 
two days during the whole of the operations when I could rely on maintaining 
a constant course on a compass bearing alone. These two days were in the 
nature of a holiday and I was able to sit back comfortably and study the horizon. 
Even in this country I have recently encountered two days when the wind was 
changing in velocity or direction sufliciently to entirely upset our drift bearings. 
The variable wind on the Irrawaddy Delta made the taking of accurate 
drift bearings before starting more or less useless, and in any event we found 
it to be a fairly simple matter to pick up the correct bearing during the first 
two strips, thereby saving time. 

By dispensing with a definite programme of starting points for strips, I 
believe we lost nothing and saved ourselves the difficult problem of making up 
more or less accurately-scaled strips to place our starting points on, 

Stripping, when the whole area has to be covered, is not properly a drift 
sight problem—it is a matter for the use ofa line sight. Frequently the 
correct bearing of the desired strip is not known and would have to be fixed 
by sighting from the air; moreover, a drift sight will not bring vou back on 
to your correct strip if you happen to get off it, but will place you on a parallel 
one. 

In order to carry out this method it is absolutely essential to have a machine 
from which the pilot has a clear view. In the ordinary tractor unless quite 
large view-holes are made in the planes the pilot has to rely on his observer 
to direct him and place him on his course. Nevertheless, though some excellent 
work has been done by highly-trained crews working in close co-operation, I am 
convinced that the principle is wrong. The operation of the camera is_ the 
observer's work, the pilot being responsible for the course and attitude of the 
machine. 

When you wish to drive your car into a garage you do not blindfold yourself 
and get a friend to direct vou from the back seat. I have no doubt with practice 
you would become quite expert, but why trouble? Undertaking air survey work 
from a tractor aeroplane is a parallel example. For this work the pilot requires 
as good a view forward and below kim as can be provided; the view from 
the front seat of an old Maurice-Farman Shorthorn is of the type I have in 
mind. Given this view with a machine of good performance and a really auto- 
matic camera, I think the pilot will be able to do the work single-handed, thereby 
saving money and increasing the performance and consequent earning power ot 
the machine. 

Besides variations in wind speed, we encountered large areas of rising and 
falling air. This meant that to maintain a constant height and as nearly a 
constant speed as possible the fore and aft angle of the machine and the engine 
revs were changing at intervals. These changes were, however, slow, and 
consequent changes in fore and aft camera angle could be easily corrected by 
the observer. 


At the end of a strip a point was noted past the overlap sight to the south. 
The machine was turned as quickly as possible and flown back on to this point, 
this time sighting it to the north. A straight course was then kept by judgment 
until the compass had settled down, after which we continued as detailed above. 


It is important to get the time taken in turning down to an absolute minimum, 
as it is astonishing what a lot of time can be occupied over this unproductive 
part of the work. In this connection it should be noted that it is easier, owing 
to difficulties of view, to bring an overlap sight on to a mark than to get directly 
over point. 
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veral Work continued in this way until we had finished exposing our plates or | 
only had to stop for some other reason, then we marked the last overlap points taken a 
ee on the rough maps we had to remind us where to start next day. i 
1 the 


Photography usually lasted about three hours, as this was the longest time 


a we could work without undue fatigue. 
son ; After the completion of the original area a further one ol about 350 square : 
miles of Pyindave Reserve was added; this was completed in three and a halt 
urate fights. There then remained @ certain number of gaps caused partly by camera : 
ound - failures and also by sections missed between strips. In addition, the Survey of ; 
first India called for continuous strips taken along the coast lines to join the ends ot 3 
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er of routine strips, and straight strips running north and south down the centre of! 
each principal area. These tie strips and gaps were completed and filled during 
‘ant the latter portion of the fourth flight on the Pyindaye Reserve and on six further 
Iv a the hts. 
gine To summarise, the entire area of appreximately 1,400 square miles was 
and covered in 175 flights and gaps filled and tie lines taken in 6} further flights. 
d by Actual time occupied on photography, which does not include time spent in 
; reaching the area and returning, being 43 hours 15 minutes and 17 kours 5¢ 
minutes respectively. 
uth. 
oint, During the course of operations considerable alterations were made to the 
ment camera shutter. The L.B. standard shutter is of the focal plane type, self-capping 
save. with a variable slit. ‘This arrangement was most unsatisfactory, as it involved 2 
considerable amount of friction on two tapes. These rarely stood up to more 
num, thin 150 exposures. We converted these into fixed slit shutters and arranged 
ctive to cap them when setting by brass plate carried on the plate-changing 
wing mechanism. : 
ectly Various other minor faults were traced and rectified until at the end the 


camera worked with as much regularity as the Puma engine. 
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This completed the air worl on the Irrawaddy Survey, and = shortly alter- 
wards Flying Otheer Durward had to return to his duties with the R.A. in 
India. 


Ground Work 
We had taken 3,795 plates of the Delta’ Reserves and we now set out to 
produce prints in quantity. It was found that in order to bring out the forest 


KAOONKANI RESERVE 
DELTA FOREST DIVISION 


Seale inches = Mile 


REFERENCES 
Kanazo Forest good quality 


Karazo Forest with scattered 
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detail it was necessary to do a considerable amount of shading owing to the 
differing densities of different parts of the negative. These were caused by 
varying shutter speeds over different parts of a plate, cloud shadows, and light 
reflection from varying ground covering. 

In order to compete with rapid production of contact prints so shaded, 
we constructed three printers as shown. The printing frame was of the ordinary 
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type to take the negative and a sheet of bromide paper, but hinged to the table 
at its bottom end. Opposite was an open box with two lights, one redtand one 
white. With the frame in any but an upright position the red light was on. 
Negative and paper were inserted and the frame closed. It was then swung 
upright where it clipped with a spring, and this action switched out the red light 
and switched on the white one. There was thus left ample. roam between the 
light and the negative for any shading required to be done with the hands. 
With five native photographers we worked up to as much as 800 prints per 
twenty-four hours. Of these prints two sets were supplied to Major Lewis, 


of the Survey of India, for the mapping. 


Ground Control 


Before we had commenced operations Major Lewis had taken his party 
down to the Delta in order to fix the ground control. You can see that this 
consisted of a triangulation up the principal rivers joined by traverses along 
the beaches on the sea-face and across the cultivated land to the north. In the 
largest section so enclosed a traverse was carried across the centre down one of 
the larger creeks. The work was carried out with some difficulty, as the banks 
in nearly all cases consist of liquid mud and the surveyors were frequentiy 
working and taking observations wading waist deep in slime. In view of the 
difficulties encountered the average closing error of just over half a chain on 
the main circuits, whose average length was seventy miles, is distinetly good. 


Mapping 

The final map was prepared by tracing from a scaled and rectified mosaic ; 
this was made as follows. “Two sets of contact prints had been supplied. “These 
were pinned down on cardboard sheets in strips about two feet long in the order 
in which they were taken. One set of strips was set aside for interpretation 
of detail if required later, the other set was carefully examined and where neces- 
sary details, such as creeks which did not show up well through the trees, 
were inked in in white. These latter strips were then re-photographed, three 
or four at a time on to a single plate, at a reduction of about five times. Those 
re-photographed strips running round the coast and covering the control points 
were then enlarged to the correct scale of 3in. to the mile to fit these points. 
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The complete control system was plotted on cardboard sheets the 
correctly scaled strips were fitted on these sheets. Errors in azimuth caused 
by tilt were corrected by cutting the scaled strips in sections and slewing these 
through small angles. The perimeter strips having been placed correctly, the 
longitudinal tie strips and certain selected cross strips were scaled by using any 


FIG. 10. 


convenient points on the perimeter strips and laid down. These then formed 2 
grid into which the remaining strips were fitted by trial and error. Prints were 
temporarily pasted in position, and on completion of a section the whole were 
pasted down and_ butt-jointed. 
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An examination of the errors involved revealed the following data : 
PERCENTAGE OF DIFFERENT DriGREES OF TILT. 
Under 1° a 55 per cent. 
Between 1° and 2 is 
Between 2° and 3° 7 
> 


Between 3° and 4° 
Between 4° and 5° 
Over 5° ... 1 photo 


The maximum difference of height in any one strip from the mean was 


found to be 200 feet. Differences exceeding 50 feet were exceptional and occurred 
only in bumpy weather. 


17. 


Bombay-Burma Timber Dump, Watayah, Rangoon River, 


As a test of accuracy the control points running across the centre of the 
largest area were masked and the prints covering them laid down in the same 
manner as the other cross strips without central control points. On comparing 
points so placed with their plotted position the maximum error of any point 
was about 15 chains at a position near the centre of the strip which was about 
twelve miles long. The particular strips involved happened to be rather good 
ones, but Major Lewis gives it as his opinion that the maximum error in position 
invwhere, with reference to the grid, would not exceed five chains, 
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Forest Stock Map 


Two further sets of prints were supplied to the Forest Department, Burma, 


and these were used to prepare the Forest Steck maps of the area. The work 
was done by Messrs. C. W. Scott and C. R. Robbins, who visited portions o! 
the area with photographs before starting. Here again the method of working 


from. strips was used, and this was greatly facilitated by an index map of 
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strips which Major Lewis prepared. In addition we prepared and supplied a 
complete index mosaic of the whole area from contact prints. ‘This was mounted 
on a series of zinc sheets 2ft. 6in. by 1ft. 6in. 

No attempt was made to place this mosaic on any control. Pasting was 
started at the top of an area and prints were pasted down in strips till the area 
was covered. It is surprising how little error is accumulated even in this method 
by a practised mosaicer, considering that scales on different days varied quite 
considerably. Where with overlapping prints one showed better detail than 
another the portion of the worse one was cut away. Each print was then 


numbered with the negative number. The zine sheets butt-jointed to make a 


consecutive mosaic of cach section, 44 sheets, covered the area, 


Other Small Surveys 
The work on the Irrawaddy Delta Survey being finished as far as we were 
concerned, we started on other contracts for which we already had the photo- 


graphs. A. mosaic was prepared for the \dmirafty of country surrounding some 
of their local works. Here ground detail was all important and exact scale 
did not matter, so contact prints were used. A small mosaic was prepared ol 
a timber dump belonging to the Bombay-Burma Trading Company. In this 
instance the mosaic was required in order to study the process of silt deposit on 
the river banks and changes in the river’s course. A\n exact scale was not 


necessary, though an approximate one was asked for. This was obtained by 
photographing the area and then flying straight to Rangoon, where some photo- 
graphs were taken, at the same aneroid height, of fixed points whose position we 


knew. The mosaic was then prepared and a scale made from the latter photo- 
vraphs. The general method adopted can be well described from this instance. 


As vou can see, strips were first flown parallel back and forth across the area. 
You can see that the photographer has used his turntable to good effect, as there 
was a considerable side wind on the day we took these photographs, vet none 
of them are excessively side-stepped. A strip was then flown down the centre to 
eorreet for any variation in scale between successive cross strips. 


In mosaicing, the centre prints of each cross strip covered by this tie strip 


are pinned down by matching. The tie strip is then laid across them and where 
necessary they are adjusted on to it. The centre cross strip is then built outwards 


in both directions backed up by the strips on either side in the form of a pyramid 
so that it is being controlled in position all the time from both north and south 
by prints which run in direct line to our main backbone. When the pyramids 
are complete the corners are filled in. Up to this point prints have been stuck 
down either by pinning or by a dab of paste in the centre. Overlapping prints 
are now cut through the centre of their overlapping portions, the surplus pieces 
removed and the whole stuck down butt-jointed. Care is taken to paste the 
zine and never the prints. These are placed on to the zinc and rolled down 
quickly so that they are stuck before the emulsion can get damp and expand. 
All our mosaics in Burma were prepared by butt-joining because it is best for 
tracing over and more accurate than the tearing method. Mereover, no par- 
ticular care was taken to get all prints toned equally, as for our purpose the 
additional cost was not warranted. 

Where a pictorial map is required a mosaic can be prepared in which it is 
practically impossible to detect the joins between prints. 


Rangoon Survey 


We next took in hand the production of a r2in, to the mile sealed and 
rectified mosaic map of Rangoon and the surrounding country tor the Rangoon 


Development Trust. The area comprised some 7o square miles, and to cover it 
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we had a series of plates taken with the 6in. Jens at 8,000 feet over the town 
proper and a somewhat motley collection of plates taken with a toin, lens from 
9,000 feet of the rest of the area. I say motley because they were taken at 
the end of the dry season when the work was being constantly interfered with 
by clouds and cloud shadows which twice foreed us to stop altogether. We 
overhauled the enlarging lantern which we had and constructed a second, in i 
convenient building, to work with daylight. Provision was made for tilting 
both the casel and the negative. The map was made up on sheets of stout 
cardboard of a size to cover 1smins. longitude by 2mins. latitude per sheet. 
The ground control was supplied to us by the Survey staff of the Rangoon 
Development Trust. They had not suflicient time or funds at their disposal to 
fix a ground control specially for us, which would have been the most satisfactory 
method for the job. Points had therefore to be taken irom such maps as actually 
existed. The town proper had been mapped on a rooft, to the inch seale and 
the map was believed to be correct. “The surrounding country had scattered fixed 
points which had been placed at different times by various agencies as starting 
points for local surveys. 1 decided that the best method of dealing with the 
work would be to fix accurately a strip running east-west through the Shwe- 


Dagon Pagoda, the northern limit of the area mapped on the large scale, and a. 


strip running roughly north-south along the railway line. We could then fill: in 
the included angle between these two. strips, starting at the apex and working 
outwards in the form of an ever-increasing triangle, checking en such points 
as we had when we came to them. The points along the railway line were to 
be supplied by the Development Trust staff. 

The east-west strip was laid down and the town to the south filled in 
without any trouble and actually hardly any rectification jor tilt being necessary. 
When we came to put down the extension of the east-west strip to the east, 
however, things began to get worse and worse, until finally it became impossible 
to make anvthing fit. Working north had the same result. It was not until 
everything had been tried that we began to suspect our ground control, We 
therefore as an experiment assumed that our photographs had been taken without 
tilt, and taking some suitable strips which passed into the town area, scaled them 
on this section and printed the runs flat and to this seale. These gave con- 
secutive results as parallel lines matched up and fitted, but showed the contro! 
points in considerably altered positions. 

About this time I heard of a local survey which had been carried out by the 
Port Commissioners over this area. On vetting from them the co-ordinates 0! 
the various points and plotting them we found that the greatest error between 
these new positions and the positions we had found by straight mosaicing wis 
one-eighth of an inch. This error was, of course, easily corrected. 


This discovery greatly encouraged us and instead of only suspecting our 
photographs we began to suspect our control points. Various checks were 
applied to these where possible, with the means at our disposal, and the nett 
result was that in the end with the exception of the survey of the town proper 
and of points fixed during a triangulation which had been carried out in 1895, 
any other control points which did not coincide reasonably accurately with our 
photographs were discarded as inaccurate. Further, all tilting arrangements for 
negative or easel were fixed centrally and no negative was presumed to have 
been tilted until the correctly scaled print had undergone very close comparison 
with its neighbours. This naturally greatly increased our rate of working and it 
was surprising how few prints actually had to be rectified. It meant, however, 
that of the 98 control points originally given us we had oniy used about 40. 
Moreover, the considerable time wasted at the beginning brought home to us 
very forcibly that it is better to have a mere skeleton of control points of a vers 
high order of accuracy than a number of an inferior order, 
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1925 Season. Preliminary Work 

By the time we had finished the Rangoon survey the monsoon was nearly 
over and, as our negotiations for further work had been successful, we started 
to re-erect the machines. 

The Survey of India had undertaken a 24-inch survey of the oilfields at 
Yenanyaung for the Burma Oil Company and our first work was to provide them 
with photographs from which to fill in the detail Andrews, the photographer, 
and I flew up, meaning to take the photographs before landing as the area was 
only 16 sq. miles, but we found the place covered with clouds. We landed on 
the Irrawaddy and waited a week before we got suitable weather. We then 
photographed the fields with a to-inch Jens from 7,000 feet, and developed the 
negatives on the spot so as to satisfy ourselves that the area was covered before 
Aving back. .\ very liberal overlap was given in both directions. 

As a high order of accuracy was required and the area consisted of innumer- 
able deep ravines and ridges with variations in height up to 800 ft., straight 
mosaicing was impossible. The Survey of India party therefore covered the 
entire area with a close network of triangulation points, every oil well derrick 
was fixed and many other points besides, and as the country lent itself to this 
tvpe of work it did not take long. 

The centre portion only of each of our prints was used and we were given 
the positions of at least four and often more points in each print. As at this 
stage the actual heights of points were not known, and as displacement was 
likely to introduce much greater errors than tilt, it was decided to print all 
negatives flat as if taken without tilt and scaled to the mean of the seale given 
by all the points on each print. 

This was done and we supplied a complete set of prints so scaled, the scale 
being 24 inches to the mile, 

The prints were then used to fill in all detail on the plot of the triangulation 
points by actual measurement from the nearest fixed point. .\s the distance of 
any point of detail from the nearest fixed point was so small and as only the 
centres of prints were used, any errors introduced were Jess than the error 
allowed, which I believe was 9 inches in actual position of any point on the 
ground. 

On our return journey from Yenanyaungy all hands set to work to complete 
the preparations for our principal contract for the season, the forest stocking of 
15,000 square miles of South Burma. 


Tenasserim Reconnaissance Area to be Surveyed : 

As vou can see, the area, which stretches from Heinze Bay to Victoria Point, 
consists of a long narrow strip bounded by the coast to the west and the high 
hills of the Siamese border to the cast. There are only three towns of any impor- 
tance in the area, Tavoy, Mergui and Victoria Point. These are connected by a 
weekly steamer service with Rangoon and a fortnightly service from Mergui to 
Victoria Point which calls at Karathuri. 

Besides this main service and local motor boat services for short distances 
up the Tavoy River and along the coast to a point about 60 miles south of 
Mergui there is absolutely no regular communication and only indifferent tracks 
between native villages. As it was important to economise in flying time it was 
obvious that we would have to work from a series of bases. We had therefore 
to arrange to be self-supporting and. self-transporting. For this purpose Mr. 
Kemp brought out from England a converted naval pinnace boat which had 
been fitted with a paraffin engine. She was capable of doing eight knots, of 
standing a reasonable amount of bad weather, and of sleeping, besides native 
crew, two Europeans comfortably or four at a pinch. 
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Terms of Contract 
We had contracted to undertake a certain number of flying hours and te 
photograph an area of not more than 6o0o sq. miles of forest reserve near Heinze 


Bay. The flying hours were to be occupied in taking a forest officer over such 
area as they required for the purpose of making a forest stock map by sketching 
on to existing maps. The forest officer in charge had the option of converting 


square miles of photography into hours flying time at a pre-arranged rate if, afte: 
trying both, he considered that the sketching method was more satisfactory for 
the work in hand than the photographic. 


Personnel 

The forest officers with whom we had to work were Messrs. C. W. Scott 
and C. R. Robbins, who were responsible for the stock mapping of the Irrawaddy 
Delta. These gentlemen spent a month or two examining small portions of the 
area on foot in order to get some preliminary idea of the type of timber that thes 
might expect to find, and it was arranged that we should meet them at our first 
base in Heinze Bay. 

The party therefore consisted of the two forest ofhcers and myself, who took 
our own tents and lived ashore. Mr. Bishop, our foreman fitter and also captain 
and navigator of the launch, and Mr. Andrews, the photographer, lived on the 
launch. One aero engine native fitter, who acted as engineer for the launch, and 
various native crew and boys were housed where most convenient. We also 
took two native photographic assistants to the first base, where the bulk of the 
photography was to be done. 


Field Operations 


On the roth January Kemp left Rangoon with the launch loaded with petrol 
and gear for Heinze Bay and three days later I flew the machine down without 
incident. The site of our first base was alongside the onlv piece of hard beach 
in Heinze Bay, which is in general surrounded by mangroves and mud. The 
water only reached this bit of beach over the mud after three-quarter tide. As it 
Wis important to be able to work at all states of tide the seaplane had to be 
moored out. The forest officers had both arrived by dug-out before the aeroplane 
and had got their camp pitched, and Kemp left for Rangoon via the Tavoy River 
the-day after I got down. 

Cloud conditions were not very favourable, but we succeeded in photographing 
two ureas of 100 sq. miles each and in doing the first sketching flights without 
mueh delay. 

It was then decided to transfer the remainder of the photography to recon- 
Naissaunce time as it was found that a sufficiently high order of accuracy could be 
attained by sketching for the particular work in hand and the very considerable 
additional cost of the photography, when taken on a square mile basis, was not 
justified, 

This principle having been decided a definite programme of work was drawn 
up in order to avoid all possible waste of flying time. 

The problem divides itself into three parts :— 

(a) Safety. 
(b) Visibility of detail and 
(c) Map reading and sketching. 

From the point of view of safety, in all but the most ideal country one 
should of course fly as high as possible in order to have a maximum choice of 
landing grounds. For visibility of detail, on the other hand, the lower the 
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observer flies the more he sees, though there is a definite limit to this as at a 
very low altitude the tendency is to lose sight of the wood for the trees. 

The third factor of map reading and sketching comes between the other two 
and is finally the governing factor. The larger scale map used the more diffi- 
cult it is to read from the air. The higher and slower one flies the easier it is 
to read any map. 

Therefore for a given scale map and a given cruising speed there is a definite 
height below which an observer has not time to read his map and the minimum 
height is considerably increased when he has also to find time to sketch in detail 
on the map. 

Actually we found 8,000-10,000 feet to be the most suitable height for the 
work in hand. It was the cruising ceiling of the particular machine we were 
using and therefore complied to the maximum possible with the safety clause. 
Robbins found that he could see all the detail required with ease, in fact when 
we vot the second machine later on, which went to 13,000 feet, he found that 
he could still see all necessary detail from that height. On the other hand, with 
the wonderful general view of forest seen from 10,000 feet there was no tempta- 
tion to endeavour to put in too small items of detail which would have been 
irrelevant to the particular needs of this reconnaissance. As regards map reading 
and sketching, the ideal aimed at was to do all work in a series of straight lines 
without having to resort to circling, Working at 80 m.p.h. on one inch maps 
at 10,000 feet it was found that in virgin forest where types stretched over big 
areas without much variation the observer could work on both sides of the machine. 
In areas where cultivation had occurred or types were very mixed, the observer 
worked on the. one side only. It was very occasionally that any circling had 
to be done to give time for filling in even the most complicated detail. 

The programme for each flight was carefully worked out beforehand and 
usually consisted of a straight flight out and a series of parallel short strips at 
right angles to this working back to the base and forming an area like the 
section of a fan. These sections, when joined together fanlike with our base 
as the handle, formed the most economical method of covering the area. 

The photography and reconnaissance for the northern section was completed 
in this manner in eleven days during which we made nine flights. Kemp had 
intended to reconnoitre a site for our next base at the Tavoy mouth on his was 
to Rangoon, but as we received no news from him we flew down and inspected 
the spot from the air. The ideal position lay behind some islands, but the 
channels looked shallow and we were doubtful as to whether our launch could 
get in so we decided to try outside. The machine was brought ashore and the 
floats repainted, oil changed, etc. Scott then went off by dug-out to work his 
way down to Tavoy mouth with the tents and heavy gear. Robbins and I filled 
the seaplane with kit and a heavy anchor in addition to the usual one and, leaving 
the launch to follow, flew south. We landed and found a strong tide running 
out. The light machine anchor did not even slow up our drift. The heavy 
anchor, a 76lb. one, was put down as quickly as possible, but we still drifted. 
A native boat chose this awkward moment to get upstream of us and then lose 
control, We just managed to keep him clear of the planes, and while Robbins 
broke our paddle on the steersman’s back I borrowed their anchor which happened 
to be a good big one. The third anchor stopped our drift and we had a chance 
to get everything shipshape on the turn of the tide. 


Nevertheless, we decided to cook and sleep on the machine in case of 
accidents. Luckily our triple anchors held and the night passed without any 
more drifting. Next morning Robbins went off and found that the channels 
behind the islands were possible for our launch, so with the next slack tide we 
organised a team of dug-outs and were towed to an excellent anchorage. That 
night both Scott and our launch arrived. 
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At this our second base we had a bad spell of haze, but as this section was 
a small one, ten days sufficed and we moved down to the Tenasserim River. 
On this occasion Scott managed to catch the Rangoon steamer on its way to 
Mergui and was consequently able to go ahead and select a base. A variety 0: 
possible sites were chosen on the map and he was to light smoke fires at the 
one he had selected. 

We made a dump of petrol at Tavoy mouth and put down a mooring buoy, 
hauled up the machine on a convenient beach and again overhauled the floats 
and on the gth February Robbins and [ again left by air to follow Scott. 

Our third base was about 15 miles up the Tenasserim river behind Mergui. 
It was the first place on the river where there was anything approaching a hard 
bank, as excepting Mergui itself the Tenasserim mouth lay in mud and mangroves. 

Mergui itself was out of the question as the harbour there was an open 
roadstead liable to very bad storms. 

The weather at this base was very good and some of the longest fights were 
done from there. Twelve days’ stay and seven flights completed our work from 
Tenasserim and we then moved south to Karathuri without taking the machine 
up as we considered the bank to be too bad. This, our last base, was both the 
best and the worst. The anchorage which we chose from the air was behind 
reef of small islands on the coast of one of the larger islands off the mainland, 
in consequence there was no bad current and the water was clear. We had « 
firm gently sloping beach and a beautiful camping: site by the shore. We were, 
however, far from communication of any sort with the exception of the fortnightl 
steamer running to Victoria Point which passed within a mile. Robbins and | 
waited here three days before the launch arrived towing a country boat loaded 
up with our tents, ete. During this wait we were royally entertained by the 
local headman, who insisted on our sleeping in his house. Immediately afte) 
our arrival the weather became bad. Haze in the morning turned to low clouds 
during the day, and though we arrived on the 22nd February it was not till the 
13th March that we managed to do a really good day’s work. On looking over 
the engine after the flight our fitter discovered that our crankcase was cracked 
from the evlinder base practicaliy to the bottom of the sump. I at once despatched 
the launch to wire to Kemp for another machine and a spare engine, The photo- 
grapher and myself remained behind to remove the damaged engine. 


This we did successfully by rigging tackle on a convenient mangrove tree 
under which we could float the machine on a high tide. On the 20th Kemp 
arrived with the second machine and the launch arrived two days later with the 
spare engine, On the 25th the weather improved and we completed the recon: 
naissance by the 28th. As there was still some flying time due this was. re- 
converted into photography and sample strips were chosen at regular intervals 
right across the area from cast to west to act as checks to the reconnaissance. On 
the 3rd April Kemp flew the original machine with the spare engine fitted back 
to Rangoon. We completed the photographic strips and Robbins and I left for 
Tavoy mouth on the 8th April. During the latter part of our stay at Karathuri 
Bay we had had very bad thunder storms every evening. Now a evetone broke 
off the Madras coast and the tail of it was felt in South Burma. On our was 
north we were flying at times with go degrees drift; we had, moreover, on board 
the biggest load we had flown with, as besides our usual gear when on the move 
we were carrying the camera and a full complement of plates, because we 
intended to take a photographic strip before the launch caught us up. On landing 
we found a terrific current running with, even in our sheltered anchorage, a strong 
wind blowing right across it. The current had carried the mooring buoy which 
we had left right under water so that we had to rely on the light anchor we 
carried in the machine. This, of course, dragged at once, but some local dug-outs 
edged us towards a firm sandbank. Here it held for about an hour after which 
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the rope broke. We were rescued and man-handled along the shore to our 
mooring buoy, which had by this time reappeared above water. We spent the 
rest of the day rescuing the machine, which dragged its anchor, an eighty-pound 
one, four times. On the morning of the third day, however, she finally broke 

last anchor rope, a four-inch coia, and we lost our big anchor. We were 
on the point of abandoning the machine as she was within a couple of hundred 
yards of six-foot breaking waves, having practically drifted out of the shelter 
of our island, when a big: sailing boat managed to get us a towline and we were 
towed into safety. Having had enough of the sea we turned out the local village 
and dragged the machine up some planks above high water. Next day the launch 
arrived, having had to turn back three times owing to weather. 

The following morning was fine and we managed to do the necessary photo- 
graphy and that afternoon Robbins and I flew up to our last base at Heinze Bay 
to take the last photographs and then wait for the launch with petrol to enable 
us to fly back to Rangoon. 

On arrival at Heinze Bay we found the spot deserted except for one old 
fisherman and his family; moreover, the huts which we had left had all been 
demolished. We therefore camped in the open, but unfortunately it started 
raining at about 2a.m. Next morning was fine enough for us to dry our clothes, 
but as we were discussing the possibility of a fight it started raining again and 
we billeted ourselves on the fisherman, where we spent the night. By this time 
the launch was overdue. Next day it was still raining and by midday, as some- 
thing had obviously happened to the launch, we decided to use the remainder of 
our petrol to get us to Rangoon. 


We therefore dodged various thunderstorms and got to Rangoon for tea, 
where we found that the launch had broken down in the Tavoy River. 

We arrived in Rangoon on the 14th April, three months and one day after 
fying down to start the work, and in that time we had stock-mapped, according 
too my datest information from Burma, 15,178 sq. miles. This was done iu 
37 hours 14 minutes of actual reconnaissance flying or 265 sq. miles per hour. 
Besides this, and not counting photographic flying, we did 8 hours 25 minutes 
on check fights, tests, ete. If we include this necessary flying time it brings 
the average to 231 sq. miles per hour. The stocking was done on the Survey 
of India one-inch seale maps of the area, which had been cut up and pasted on 
to cardboard sheets of suitable size. Type boundaries and the areas covered by 
different types were marked in the air by different coloured chalks and where time 
permitted remarks were written in giving further details. In all thirteen different 
general types were used and there is little doubt that only a highly skilled 
observer could have dealt with this big variety on the scale used at the high 
rate of square miles per hour actually accomplished. Mr. Robbins, besides being 
an extremely efficient forest officer, had, during the war, been one of our best 
artillery observer pilots. He had then gained the experience which enabled him 
to read the one-inch scale maps at the speed recorded and with the high order 
of accuracy which appeared when the aerial stock map was compared with certain 
test areas which had been stocked on the ground. 

In conversation with forest officers and others concerned, I gathered that 
the work we had completed in three months in the field would have taken about 
twenty years if done by the forest staff usually allotted to an area of that size. 

In conclusion, the practical experience gained in Burma, Venezuela and 
British Guiana has emphasised many points which, for the sake of economy, have 
to be studied in the carrying out of a survey. Many of these points are not 
immediately obvious when the subject is appro: ached from a purely technical point 
of view, but by adopting new and different methods to those described herein 
my colleagues and myself are confident that we can reduce the cost while 
improving the accuracy of small scale aerial survey. 
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With this end in view I am at present carrying out research work with the 
Aircraft Operating Company and we are proposing to put the results of this work 
into Operation at an early date. 

T wish to thank the .\ir Survey Company for their kind permission to use 
many of the photographs which I have shown this afternoon. 


DISCUSSION 


Colonel WinxrerBorHaM said: I should like to make one or two remarks on 
technical questions which have been touched upon by the Lecturer, and I will do so 
in the light of what I saw recently in Canada, where | was privileged to inspect 
the Air Photo Topography which has been so largely and successfully employed 
there. 

Firstiy, | should like to refer to the point of whether a surveyor should work 
with a “line sight" or a drift: The Lecturer is much in favour of 
the former, but the ultimate choice must be a matter depending upon topography. 
In Canada there are, generally speaking, many points provided by nature which 
can be picked up from the plane, lined up and used for navigation. In the river 
and lake areas of Canada these points are supplied by the numerous lakes and 
rivers. On the prairies they are supplied by the roads which are cut through in 
dead straight lines for land settlement. On occasion, strips of go miles long have 
been flown by the aid of these cut: straight lines. One may remark, in’ this 
connection, that, although it would be easy enough te follow one straight line when 
vertical ever it, there are five or six intermediate photographic strips between 
each of the cut lines. The ijateral overlap allowed was only one-fifth, and vet 
the strips were perfectly good and left no gaps. 

On the other hand, T saw cases where the country provided no distinguishing 
‘ranging ** points, and where the photography had been very inefficient from 
the point of view of stripping regularly. 

On the whole, then, I agree with the verdict of the Lecturer, although it was 
a verdict given on a different matter, that it is necessary to keep an open mind, 
and to employ the method most suitable to the particular tvpe of Jandscape in 
question. 

The second question to which I] would refer is that of the combination or 
separation of the duties of navigation and piloting. Anyone who knows Major 
Cochran-Patrick, who has studied his work, or even who has listened to him 
to-night, will be aware that in him they are dealing with an expert with a big 
‘EL The same may be said of Captain Durward. It does not necessarily 
follow, however, that any other pilot could follow in the footsteps of such experts 
as these. It is the definite conviction of Canada that the duties of pilot and 
navigator should be separated. In that opinion many other people concur. 

And now for a more general remark upon air photo topography generally. 
The type of country we have seen to-night on the screen, with its characteristic 
waterways and its impenetrable forest reserves; the water and lake regions of 
Canada; the Port of Dacca, which has recently been surveyed in this way by the 
French, are all examples of country which is eminently suitable for this kind of 
treatment. 

In these three surveys it was always easy for a seaplane to land; it was 
difficult for the land surveyor to penetrate; there was no distortion from hills, 
because no hills existed to distort. It is because, in fact, of their particular 
topography that they have been surveyed in the way they have. If surveyors and 
airmen would understand that the landscape must dictate the method, the success 
of our own airmen in getting surveys to do would be much easier. 

It was stated to-night that it was hoped that Major Kemp’s success in this 
survey of the Irawadi would open the eves of surveyors to the fact that air survey 
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showed an undoubted superiority to older methods of land surveying. That is not 
true; it is only true where the landscape is suitable for photography, and there is 
heaps of country in which the lansdeape is suitable for photography. 

The audience will be interested to learn that we hope, nationally, and at no 
very distant date, to be in a position 10 survey mountainous areas comparatively 
easily with British-made plotting machines. Our instrument makers are indeed 
now taking a hand in the game. In the meanwhile I feel that 1] am speaking 
for other British surveyors in saving that we feel confident that the companies with 
which Major Cochran-Patrick has successively been associated, are in a position 
to secure and to retain a national pre-eminence in this matter. 


Colonel CrRostuwair said: | have been very much interested in all the 
Lecturer has had to say, and | think he put the case very ably. I have had a 
little to do with aerial photography in India in Wazaristan and in connection with 
city surveys. In the crowded cities of India, with their intricate streets and 
narrow lanes, the ordinary methods of survey are slow and difficult; there is a 
great deal of trathe for one thing, which interferes with the work. Photography 
from the air in these cases has shown remarkable advantages, and maps have 
been made from the photographs with most useful results. 

I vhould like to mention the experiment which has just been carried out to 
ascertain. whether photography can be usefuliv applied to the revision of the 
25in. Ordnance Map of England. This is rather a special case, because of the 
exceptionally large scale involved. There is no country in the world which 
employs so large a scale and preduces such an accurate map as the 25 in. map of 
England. The acrial photography for this was carried out by Major Cochran- 
Patrick. The results of this experiment will be watched with much interest. 

I am a surveyor and not an airman, but [ should like to say that the 
question of control for aerial werk wiil have to be carefully gone into so as to 
reduce it as much as possible without affecting the accuracy of the final map, 
because, very often, in those places which are most suitable to aerial photography 
it is a difficult and expensive operation; the density of the jungle, combined with 
unfavourable climate conditions, add to the difficulties. 

I should like to congratulate Major Cochran-Patrick on his very interesting 
paper. 

Mr. G. T. McGaw said: We have listened with great pleasure to this 
lecture on an interesting part of the world, and | think that we appreciate the 
fact that this is the first attempt on the part of a private firm to undertake a 
work of this magnitude. The results, in themselves of great value, will lead to 
further developments. 

The small survey of sixteen square miles of an oil company suggests work in 
another field which is new to aerial survey. The intensive survey of a small 
property, in which the centres only of the photographs have been utilised, suggests 
a very simple method of overcoming the distortion due to varying height of 
ground features. 

The question of sights is still a subject on which much difference of opinion 
exists, and | think we should have been grateful for an amplification of the 
Lecturer’s views. Any sight which draws the pilot’s attention from the aeroplane 
itself is Obviously objectionable if it can be avoided. It would appear that, if by 
optical means the view downwards could be projected cn a vertical indicator neariy 
in front of his eve, this difficuity would be obviated in large measure. Moreover, 
it appears that a standard terminology is required; a ‘* line sight,’’ for example, 
may convey very different ideas to speaker and hearer. 


As an indication of the difficulty of keeping line, | have worked out the 
efficiency of the flights in the Irrawaddy region. The ratio of the number of 
square miles actually covered per net flying hour to the number possible is 47 per 
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cent., calculated from the data supplied by Major Lewis in his report. Under 
present conditions, therefore, a first-class pilot may be expected to attain an 
efficiency of 50 per cent. If this figure can be increased by better machines, 
instruments and methods, the cost will be reduced correspondingly. 

I feel that some further reference is due to the control of this Irrawaddy 
survey. A map of the triangulation of the creeks cannot present to those 
unacquainted with the conditions the ditliculties which beset Major Lewis in 
carrying out this work—a feat in more ways than one. That surveyors, standing 
often knee-deep in slime, could obtain the results mentioned by the author, is « 
great tribute to the skill, resourcefulness and energy of the staff employed. 

In conclusion, it is a pleasure to hear of these fine achievements from Major 
Cochran-Patrick himself; that he has made a sterling contribution to the progress 
of the new method must be not only a great stimulus to himself, but also to others 
interested in the adaptation of the aeroplane to a better knowledge of our earth. 


De. H. Hamsnaw THoMas said: There is one aspect of this work which may 
have escaped attention, and that is the value to the forestry department of these 
photographs. Quite recently there has appeared in print a review of this work 
from the point of view of the forestry authorities and the utilisation of air survey 
for the study of the distribution of trees (Journal of Ecology, Vol. XIII, p. 262, 
i925, by Mr. L. D. Stamp). He mentions that one of the areas covered by this 
work contains an enormous extent of timber very valuable for fuel for the 
population in the adjacent rice-growing districts, and also for export purposes. 
This timber was in danger of being exploited by the natives in a way which 
might lead to the eventual destruction of the forest. It was necessary to get to 
know what there was there, and make plans for the systematic utilisation of the 
timber. That plan was projected some years ago, but turned out quite 
impracticable because of the difficulties of obtaining the knowledge required, but 
this knowledge has now been obtained by means of photography from the air. 

1 do not know how many of the people here have haa the disagreeable 
experience of travelling through a mangrove swamp, but it is often found that 
when vou have got a dozen vards into the interior you discover that instead of 
the ground becoming dryer as you might expect, it gets wetter. [t is almost 
impossible to get through to find out what type of vegetation is growing in the 
interior; While the mangrove which fringes the edges is different from the inner 
erowths. Mr. Stamp in his article says that the information to be obtained about 
the timber from air photographs is of the greatest possible valuc. Therefore, 
there are two sides to the question of the value of air survey—the topographical 
aspect and the side of obtaining intormation about timber or other ground 
features of economic value. One of Major Cochran-Patrick’s photographs showed 
a species of certain tree (Heritiera) quite clearly, indeed the number of these 
trees in the area could be counted and their value estimated. 

There are one or two questions I should like to ask the Lecturer. Of some ot 
his photographs it was said that the forest officers could not distinguish very 
clearly the differences in the tones of the foliage greens. I was rather surprised 
at this, because some of our experiments showed that you could see exceedingly 
small differences in the tones of the vegetation in photographs. Did the plates 
deteriorate in the climate of Burma? 

Secondly, did they use stereoscopic pairs of prints: We often found it rather 
useful im detecting the presence of channels among trees where these channels 
were shaded. In single prints it was rather dificult to find where they began. 
With the stereoscope it was at once made easy. 

The method of overlapping by sight instead of by navigational instruments 
has been referred to. My experience has been that of Colonel Winterbotham. 
In certain areas it is extremely difficult to fly and overlap by reference to ground 
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features. The Irrawaddy Delta is extraordinarily well suited for picking up 
sighting points. In Palestine it was almost impessible for an observer to keep in 
his head a distinct and unmistakable feature of the country from hour to hour or 
day to day. We adopted the method of indication strips, which were not found 
necessary in the Burma surveys, and would have been a waste of time. 

There is no doubt that Major Cochran-Patrick and Flying Officer Durward 
are experts at this work, and one should emphasise a point which Professor 
Melvill Jones has made in his book, that you must not expect the same results 
from any other two people. A great deal of training is absolutely necessary. 


I should like to draw attention to the value of the second part of the work, 
the stock mapping of the South Burma district. That is extremely important, and 
shows that a great deal of useful survey work from the air can be made without 
photography. This is the first extensive area that has been surveyed in this way. 
In Mesopotamia a certain amount of work of this kind was done, but I believe 
that the area was not so large or ditficult as that we heard about to-night. 


Mention has been made of the inaccuracy of the points supplied by the local 
people in the survey district. | have been told that one of the great difficulties 
of carrying out a complete and detailed survey map of South Africa is that it 
would probably involve changing many people’s boundaries, they are in places 
so very inaccurately mapped. From that and other information in regard to the 
Colonies it seems very unsafe to trust implicitly to fixed points given by the 
local people, as ascertained by some local surveyor in the past. 


I think everyone here must realise the great value and interest of the work 
described, and it will be a further step in the progress that is being made in the 
different parts of the Empire towards carrying out by aerial survey work that 
is very difhcult to do from the ground. In India it was suggested that the 
Sunderbunds might be surveyed in the same way. There are undoubtedly many 
areas in the Empire which might be mapped. Areas not only of forest country, 
but great areas, such as in South Africa, of abselutely flat and uninhabited 
country connecting up important centres, which might be mapped by aerial 
photography, using the oblique methods which have been developed with such 
conspicuous success in Canada. 


Mr. MAnninG said: | look at this paper from a different point of view from 
the previous speakers. | notice that the photographs were taken from 10,000 feet 
with a lens with a focal length of 6 in., giving a scale of 20,000 to 1. 


That appears to be the sort of scale that is necessary for this kind of work. 
Would it not be better to use a lens of shorter focal length? It would be easy to 
enlarge the previous scale if necessary, and the shorter focus lens would reduce the 
length of the flight necessary to cover the area. The limit of short focus depends 
on the permissible distortion and the exposure necessary, as the shorter focus lens 
may have a smaller maximum aperture. Further, a iens of shorter focal length 
and flight at a jower height, would mean that a cheaper machine could be used, 
with less engine power. It might also make photography possible on certain days 
when between 10,000 feet and 16,000 feet there might be a haze. 

With regard to the camera, | note that there is trouble with focal plane 
shutters. I should suggest that a between lens shutter might be tried, the chief 
disadvantage of this type being the lower efficiency of the exposure, which might 
aot be important. 

It might possibly be of some assistance sometimes to take coloured photo- 
graphs from the air, as if such photographs were taken over typical areas they 
might assist considerably in the interpretation of the monochrome points, especially 
when it is desired to know the proportion and species of different kinds of trees in 
wooded districts. 
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Captain Savers said: [| should like to emphasise the point that air survey has 
shown that it is an economic proposition, a proposition which private enterprise 
has already found it possible to carry out with profit. Although Major Cochran- 
-atrick has one or two complaints to make about the machine, it still shows all 
the required qualities to keep it going. It is, however, very important that 
aeroplane designers who are looking for the development of the aircraft industry 
as a commercial undertaking should be urged to give a little of their attention to 
the possibility of designing machines to the requirements of air survey, and not 
just vaguely be told how they might conceivably design a machine for successful 
use on transport services in the far off future. 


Major Hemine said: [ was much interested in Colonel Winterbotham’s 
remarks, but [ think that both he and Captain Tymms have misunderstood Major 
Cochran-Patrick’s simile. Driving a car into a garage blindfolded is, | take it, 
Major Cochran-Patrick’s idea of using a single-engine tractor aeroplane for 
carrying out air survey work. [ presume he meant to infer that in order to 
overcome the difficulties caused by the limited tractor view, it has been found 
necessary in certain cases te make use of the services of a navigator and of certain 
optical instruments. With regard to what Colonel Winterbotham has told us 
about the sysiem used in Canada, | suggest that Canada is suiting its policy to 
its material, and is making use of pilot, navigator and mechanic because at the 
present moment there are not sufficient pilots available who have been trained to 
fulfil the joint duties cf pilot and navigator. 

[ know that Major Cochran-Patrick appreciates the value of having a 
navigator, but when we can have a machine giving a good view forward, with 
suitable performance at a working altitude of 16,000 teet, [ think we shall be able 
to do away with a great deal of the necessity for using navigational instruments. 
We must have instruments to give us our drift and ground speed, but | feel sure 
that the main reason why we have had to use instruments in the past is to get 
over the difficulty of the forward view. When a pilot once gets the machine into 
the air he has very little te do, and the pilot of the future, who will have to be a 
highly trained man, ought to be able to combine the qualities of a navigator with 
sufficient knowledge of surveying, together with his own job as a pilot. The only 
ether individual to be carried should be the mechanic, and he should have an 
elementary knowledge of the running and maintenance of the camera, so that he 
can carry out any adjustments in the air, 

What | hope to see in the future, when air survey is recognised, is surveyors 
seriously considering the necessity for becoming pilots. 

If the aircraft trade could give us a machine with a pusher view which could 
operate at 16,000 feet, and cruise at least 100 miles per hour, carrying five 
hours fuel, pilot, two passengers and a further 4oo Ibs., it would very considerably 
reduce our costs, and increase the speed of our work. 

I was particularly interested in listening to Major Cochran-Patrick’s paper, 
because he and T have always worked closely together on air surveying, and | was 
privileged to hear all his ideas for carrying out the Irrawaddy survey before he 
went to Burma. Now [| have seen how successfully his methods were put into 
operation. His estimates were most accurate, and that is the key to successful 
commercial undertakings. 

I should like to support Mr. Hamshaw Thomas’ remarks. [ think one of the 
finest things that could have happened is that Colonel Winterbotham should 
actually have gone out and inquired into operations in Canada, where they have 
done such splendid work in air survey, and in view of Colonel Winterbotham’s 
very important position on the Air Survey Committee, I feel that we shall all 
benefit by this visit. 

I should like to impress on the Air Ministry that in air survey we have 
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a phase of commercial aviation which can do without subsidies. All we want are 
contracts, and we are now in a position to accept contracts on a Commercial basis. 

| should like to heartily support Sir Sefton Brancker’s remarks with regard 
to the excellent work carried out by Mr. Kemp and his expedition; but in the 
cause of accuracy | must point out that Mr. Kemp's company was not the first 
eompany of its kind, as Sir Sefton said it was. In 1920 the Bermuda and West 
Atlantis Aviation Company sent out an expedition to South America under Major 
Cochran-Patrick. This expedition did valuable work in Venezuela and British 
Guiana in carrying out air surveying. As I was partly responsible for the 
formation of the company and for getting it financed, I feel it my duty to see 
that those who provided funds for such valuable pioneering work should at least 
get their share of any credit due. 

The negotiations referred to by Major Cochran-Patrick in the beginning ot 
his paper, were in fact carried out by the Bermuda and West Atlantic Aviation 
Company, and Mr. Kemp, whose appointment as Acronautical Adviser to the 
Government of India was terminating, took on the contract. | was, in fact, so 
keen on making sure that the contract was a suceess that I persuaded Major 
Cochran-Patrick to go out and assist in the work, as L knew that the considerable 
experience he had gained while with the Bermuda and West Atlantic Aviation 
Company would prove of great value to Mr. Kemp. 

In closing, | should like to thank Colonel Winterbotham for his very kind 
and encouraging remarks with regard to the two companies referred to by him, 
and add my appreciation of Major Cochran-Patrick’s most interesting paper. 

Mr. FF. Tyuns said: | should like to add my congratulations to the Lecturer 
on his very valuable paper. There is probably no man in this country so well 
qualified to speak on the {lving side of air survey as he. 

It is curious that comparatively so few people in the aeronautical world have 
taken an active interest in the problems of air survey, particularly when it is 
remembered that air survey is even now an economic proposition. In air transport 
you offer to sell the public greater speed for more money. In air survey, provided 
you select suitable areas of the type referred to by Colonel Winterbotham, vou 
offer greater speed for iess money. 

Having recently had the task of collecting information from operators in 
various countries (e.g., Canada and the United States) on the problem of flying 
and navigating in air survey photography, | find that the general consensus of 
opinion is in favour of employing a navigator or at any rate of the observer- 
photographer carrying out the operations of navigation, 

It should not be forgotten that there are definite advantages in the use of a 
drift sight. When using the wind gauge bearing plate, having once found the 
wind on the wav to the field of operations, the following data is immediately 
available : 

The course to steer for any desired tracis. 

The angle of drift on that course; this gives the amount of orientation 
of the camera. 

The ground speed on any track. 

The time to cover unit distance on any track; this controls the rate of 
exposure, 

Some of this data has to be found by other means if a drift sight is not used. 

The Lecturer said that he could seldom rely or a steady wind, and consequently 
drift readings taken beforehand would be unreliable. This country is probably 
one of the worst for changeable winds. Countries with continental climates such 
as Canada and Africa have more constant winds. Yet in this country the probable 
vector change of wind, as far as data is available, could only account for a 
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lateral error in the track in # 30-miles strip, of something of the order of one- 
eighth to one-fourth mile. It does not follow that even these errors remain 
uncorrected when using a drift sight. 

In this matter I think one should not be too much influenced by an apt 
simile. The simile belongs rather to the political than the scientific field of 
argument. [| will suggest two reasons why the simile used by the Lecturer may 
be considered unsound. When undertaking a cross-country journey by car, it 
would not occur to one to equip the car with a compass and turn indicator. 
Yet it is almost universally acknowledged that these instruments are essential 
on an aeroplane, which suggests that there is a fundamental difference. Some 
experiments recently carried out in America show that the average error in the 
determination of the vertical by judgment is 5 deg. This means from 12,000 feet 
an error in the position of the plumb point of something like 1,000 feet.. It is 
suggested that if this sort of error were possible in the case of the car, one might 
very well find oneself driving, not through the door, but through the side of the 
garage. 

All this is not to say that Major Cochran-Patrick is wrong. In fact he would 
be a bold man who, at this stage in air survey development, decided that a 
particular method of operation was definitely wrong. What is clear is that we 
must be prepared to adopt either method, and this has its bearing on the question 
of the machine as well as sights. Given a clear view forward for the pilot, a 
specially designed steering sight would be of value in both methods. 

The machine for air survey must provide a clear view forward, downward and 
laterally for both pilot and observer, and this can only be secured in the pusher 
or twin-engine type. Since it will be necessary to use it for oblique as well as 
vertical photography, it will be essential to put the observer in the front cockpit 
where he can take forward as well as lateral obliques. By raising the pilot's 
cockpit, it should still be possible to give the pilot a very considerable angle of 
view downwards over the observer's head, while he retains a clear downward 
view on each side. It should also be possible to arrange the vertical camera 
between the pilot’s and observer’s cockpits in such a way that both have access 
to it, so that if desired the pilot can carry out the operations flying solo as 
suggested by the Lecturer. 

The original idea that any machine would do for photography has been 
definitely exploded. For commercial work at least it must be a high performance 
machine, some of the minimum requirements for which are: cruising speed, 
100 m.p.h.; service ceiling, 16,000 ft.; quick climb; petrol for 5-6 hours. 

I think that probably one of the mest valuable results which could accrue from 
this airing of air survey is the awakening of interest on the part of aircraft 
designers in the problem of the machine for air survey. 

Wing Commander T. R. Cave-Brownr-Cave, who presided at the discussion 
in the absence of Sir Sefton Brancker, who had had to leave early, proposed a 
vote of thanks to the Lecturer. He said: ] am sure we all have a_ great 
admiration for the work which was carried Gut in these surveys, and we also want 
to thank Major Cochran-Patrick for the care and trouble he has taken to prepare 
and write out his paper and describe the work to us. 

I do not know enough about surveying to discuss the paper technically. The 
saving of time is very apparent. Surely if by the newer method you can get a 
survey in three months which is almost as good, perhaps better than, one by older 
methods taking twenty years, the difference is very striking. I wonder if Mr. 
McGaw, who spoke on efficiency ratio, would extend it to determine the efficiency 
ratio of the ground methods. 

I think that we ought to express our thanks to Colonel Winterbotham and 
the other distinguished surveyors who came and took part in the discussion, their 
views added greatly to its interest. 
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Very few people know of this remarkable piece of work in Burma. It would 
perhaps help aerial survey if all who have heard this excellent description talked 
about it. 


Major C. K. CocuRrax-Parrick, before replying to the discussion, thanked 
the speakers for their appreciation of the paper. 

Taking the smaller points raised first, Mr. Hamshaw Thomas asked 
why some of the photographs did not show up the different shades of green as 
well as others. This was not the fault of the plates, but was due to haze, ot 
which there was a fair amount at the end of the work owing to the approach 
of the monsoon. 

Stereoscopes were used in the forest stocking of the northern area of 
Lebvauk. The trees there were deciduous and were Jeatless at that time. From 
the single prints nothing of them could be seen, but when one looked at them 
through a stereo they showed up at once. 

Mr. Manning has raised the question of focal length lens. ‘The best focal 
length will depend entirely on the scale of the map to be produced. I agree 
that it is far more economical to take photographs with a short focal length lens 
and enlarge. It was not then realised how little displacement really mattered 
when fully understood and allowed for. Displacement was regarded with awe, 
and it was even suggested that we should have used an Sin. lens. On the 
Irrawaddy Survey under most light conditions our stop was 1.5.6 and our 
exposure 1/ 250th of a second. 

As regards the question of sights, our object is to fly vertically over a 
succession of points on the ground which, when joined together, wili form a 
straight line. The compass bearing of the straight line required may be or may 
not be known beforehand. 

The present method is as follows:—On reaching the photographic height 
the navigator, if provided with a wind gauge bearing plate, gets a geometrical 
representation of the wind’s direction and speed. If he has any other form of 
drift sight, such as the Aldis, his results are not nearly as accurate and need not 
be considered. Even with the wind gauge bearing plate the accuracy of the 
geometrical representation is dependent on the machine's speed and the wind 
velocity remaining constant during the taking of three sets of observations on 
three different compass courses. It is also dependent on the correct swinging 
of the compass and might be badly thrown out by the placing of a pair of pliers 
or other metal body near the compass which affected its reading more on one 
bearing than another. 

Presuming that there is no need to resolve the geometrical representation 
of the wind into a definite figure of m.p.h., which resolution would introduce 
still another source of error, as it is dependent on the reading given by an air- 
speed indicator which is an inaccurate instrument atfected by varying Censities 
of atmosphere, the navigator can now get from his wind gauge bearing plate 
the compass course to be steered to follow a straight line along any given 
compass course. This bearing he notifies to the pilot. The pilot has now to 
fly the machine on this bearing while keeping the machine level, by looking at 
the horizon or a bubble, or both, and at a constant altitude by glancing occasion- 
ally at his aneroid air-speed indicator and revolution counter. He flies on this 
bearing by looking at ground marks and his compass. 


The compass which actually gives him his bearing is in itself an inaccurate 
instrument which is subject to variations caused by the presence of metal objects 
or by electric fields generated by any source of electricity such as the gear 
operating the F.8 camera. It is subject to both lag and swing, and as the pointer 
is only operating on a radius of at most five inches it can only be read with 
accuracy under actual operating conditions to about 4°. Consequently it has 
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been found that only a very highly trained pilot can steer an accurate compass 
course at all, and even then a change of wind velocity will throw his line right 
out. The navigator is therefore called in again, and by taking repeated sights 
the latter is able to check the pilot’s course and correct him if necessary. Should 
any serious variation occur between two successive sights taken by the navigator, 
the latter will not be able to bring the pilot back on to his original line but will 
merely be able to place him on a parallel one. We therefore have two highly 
paid men working with the help of instruments which are none of them precision 
instruments to maintain a straight line by a method which, should any serious 
Japse occur, cannot bring them back on to the straight line. 

Analysed, the method is :- 

i. Navigator sights points on ground. 

2. Navigator solves wind direction and speed. 

3. Navigator finds compass bearing of course to be made. 

4. Navigator combines 2 and 3 and deducts compass bearing of course to 

be steered. 

5. Navigator transmits this information to pilot. 

6. Pilot steers compass bearing using an instrument liable to variation which 

at best will only read to $° 
7- Navigator checks at intervals by sighting points on ground. 
8. Navigator transmits corrections to pilot. 

g. Pilot alters course accordingly. : 
Nine steps involving the use of at least three instruments. -bearing plate, compass 
and air speed. 

Now let us assume that we have a machine in which the pilot can have a 
clear view from the horizon to an angle of not more than 30° from the vertical 
or a little over a mile ahead at 10,000 feet. Give him a suitably fitted drift bar 
sight which will rotate around the front of the cockpit and form a radius with 
the normal position of the pilot’s eve as the centre, the rod to extend so as to 
cover the visible ground from the horizon downwards. Provide also a control 
for swinging this drift bar fitted to the control lever. The method now is as 
follows :— 

The pilot flies up to his line and sights his drift bar along it. Considering 
that his field of view stretches from a point about a mile away to the horizon, 
he should be able to pick up at least one prominent point in the foreground and 
one towards the horizon. 


Assuming there is a wind blowing from his starboard side and drifting him 
to port, if he holds the drift bar on the horizon point the foreground point will 
appear to starboard of the drift bar. His automatic action will be to steer to 
starboard, and if at the same time he holds the drift bar on the horizon point, 
by swinging it to port by means of his control he will soon be back on_ his 
correct line with both points again covered by the drift bar. The action of 
casing off starboard rudder so as not to overshoot will be automatic and _ the 
consequent slight readjustment to starboard of the drift bar will become auto- 
matic with very little training. 


The pilot can then continue to fly looking at the drift bar all the time, as it 
will lead his eve te the horizon, which will in turn enable him to easily maintain 
the machine on a level keel. As he goes along he can pick up point after point 
as detail in the distance becomes more visible and any variation in drift will at 
once become obvious and will be corrected automatically after a little practice 
with the sight. Should any error occur, the machine will be brought back on 
to the required line. 
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We now have one highly paid man working under easier conditions than 
before with only one instrument relating to the problem in hand as against three 
by the present method. 

The maintenance of constant height is a different problem common to both 
methods. Analysed, the method is :— 

1. Pilot sights point on the ground. 

2. Pilot corrects angle of machine for drift. 

3. Pilot having drift bar constantly before him automatically notices and 

corrects for any variation in drift. 

The drift sight used having a pointer acting on a radius of at least three feet 
will be capable of being read to a far closer angle than }°. 

We achieve our object of flying over a succession of points in one straight 
line while eliminating one highly paid man and two instruments, both sources of 
error. We also eliminate at least six distinct operations, each operation intro- 
ducing a further source of error. 
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RECENT PROGRESS IN FLYING BOAT DESIGN 


A Pauper before the Engmeering Section of the British Associalion on 


September 2nd, 1925. 
BY 0. E. SIMMONDS, M.A., A.F-R.AG.S., M.LAG.E. 


The early conception of a flying boat in the days before the war was due 
to the acronautical rather than the marine community, and the whole problem 
was regarded in the light of aeronautical experience. It was thus inevitable 
that whilst the flying boat had a comparatively satisfactory aerostructure, its 
marine functions were given somewhat primitive treatment. As a result the 
hulls were fragile, unseaworthy, and of high resistance. During the war this 
attitude of mind became well entrenched and the constructional method it involved 
was highly developed. Nevertheless the more logical system of making a boat 
that would fly rather than an aeroplane that would float soon received the attention 
that was its due. By igisS the flying boat was detinitely recognised as an 
amphibious machine, and its marine and aeronautical functions were being given 
full and separate consideration. 

This revolution was of the greatest importance to uero-marine engineering 
because it represented the replacement of an artificial and unnatural expedient 
by a system which could be progressively expanded in accordance with require- 
ments. Thus the outlook of the flying boat designers underwent a complete 
change, and although a dissentient diehard voice is occasionally heard, the battle 
is now virtually won. \dam Smith said, ** of all luggage man is the hardest to 
move *’ and [ therefore place this development first in accordance with his dictum. 

Mention has already been made of the necessity of giving separate treat- 
ment to the marine and aeronautical functions of the flying boat and I propose 
to classify the observations in this paper under these two headings. 

In measuring progress in the marine sphere it is convenient to consider 
separately the developments in hydrodynamic and constructional design. The 
seaplane has initiated a new branch of hydrodynamics. \ certain body of 
necessary information was already available in connection with the planing 
bottoms of high speed surface craft, but this is slender compared with the fund 
of information we now possess as a result firstly of full-scale trials of the 
aircraft, and secondly of the tests on model hulls carried out in the William 
Froude Tank at the National Physical Laboratory at Teddington. 

In the design of a flying boat hull the following points have to be given very 
careful consideration :— 


(1) Static trim. 
(2) Hump resistance. 
(3) Steady running. 
(4) Cleanliness, 


It may be worth while mentioning in detail the achievements under each of 
these headings. 


! Static Trim 


It is most desirable when at rest to keep the centre of buovaney well torward 
so that the aircraft trims up by the bows. The importance of this is twofold. 
It enables a boat at anchor to ride well and cleanly even on big waves, and when 
opening out the engines it prevents the thrust moment of the propellers from 


ig 
} 
‘ 


On 


RECENT PROGRESS IN FLYING BOAT DESIGN 635: 


nosing the hull under water. An appreciation of this fact and adequate tree- 
board to all cockpits have cnabled us to treat our flying boat both at anchor 
and when moving at low speeds exactly as if she were a surface craft and to 
obtain from her in these respects an equai performance. 


2 Hump Resistance 

The hump resistance was originally a point of prime importance to the 
designer of a flying boat hull, because it represented a critical condition which 
the available design data searcely enabled him to satisfy. \s will be seen from 
the curve (lig. t), a maximum resistance occurs at a speed somewhere between 


CURVES OF RESISTANCE OF A FLYING BOAT TAKING OFF 
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20 and 30 knots and unless there is a margin of thrust over drag at this critical 
or hump speed the machine cannot be further accelerated. Two factors, bow- 
ever, have combined to remove this difliculty—a decreased resistance due to an 
improvement in hull lines and a lower power loading, the result of a demand for 
higher performance in flight. This increased power has greatly benefited the 
water performance of aircraft. We are now able to rely on an adequate reserve 
of horse-power for acceleration even in the roughest weather, without any specific 
increase for that purpose. 


3 Steady Running 

It was clear in the very early stages of flving boat development that to 
enable the machine to lift itself off the water, the force of the surface tension 
must be reduced to a minimum. To do this it is necessary to induce the hull 
to run steadily on a gradually diminishing planing surface until the speed has 
enabled the wings completely to sustain the aireraft. Steady running is imper- 
ative, firstly because even small changes of angle induce a very large increase 
in the area of immersion, and secondiy because the longitudinal oscillations are 
likely to build up until the aireraft is thrown into the air by the water forces 
before it has attained sufficient speed for the wings to sustain it. 
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This vice, known as “* porpoising,’’ was common to almost all the early 
boats, was fraught with the greatest danger to the crews, and presented a very 
diffeult, problem, Our experience now enables us, however, completely to 
obviate this trouble by the suitable location of two steps in the planing bottom 
of the hull; and a well designed hull can now be relied upon to run steadily at 
such an angle that the wings simultaneously give their maximum lift. This 
enables the aircraft to leave the water at a speed very little greater than the 
minimum necessary for complete sustentation. 

It has the added advantage of relieving the pilot of the responsibility of 
lifting the machine off the water by means of his elevator, and until he is 
actually in the air the hull will completely control the longitudinal attitude of the 
machine. 


Cleanliness 


Cleaniiness in taxying upon the water and during the runs to land and get 
off is desirable from many points of view. Dirtiness inevitably means high 
resistance and therefore long runs to take off, it causes discomfort to the crew 
by filling the cockpits with water and spray, and it may even break the propeller 
blades, which being nicely balanced, are highly susceptible to any sudden shock 
such as a large volume of water would entail. 

Here again, correct bow design and the suitable shaping of the planing 
bottom and chines have availed to keep the water well down and out, and the 
cloud of spray which in some cases even rose to the height of the top planes is 
now as unnecessary as unpleasant. 

In the foregoing remarks on hull characteristics I have purposely avoided 
entering into quantitative details, which the scope of this paper prohibits, but [ 
have endeavoured to show how by gradual development and a continuous and 
searching inquiry into all the experimental data available, it has become possible 
to remove all those obstacles and dangers which were at one time thought to be 
inherent and inevitable in the performance of a flying boat upon the water. 

But, probably the most important point in this development of the hull is 
that we have been able to secure this all-round improvement of water perfor- 
mance together with increased strength and an ability to ride out heavy seas, 
without having to increase the weight economy figure. 

Weight of hull, Weight of aircraft. 


In hull construction progress has not been less rapid. The early designers 
had little conception of any aircraft that departed from the then stereotyped 
multiplicity of struts and wires and consequently they made their hulls in the 
manner of their fuselages. These were usually based on the Pratt or Warren 
girders with suitable cross bracing of the transverse bays, and therefore the 
addition of planking or three-ply covering below, and the usual doped fabric 
above the water line, permitted the accustomed system of construction to be 
utilised for marine work. 


The new coneeption of a boat that would iy meant abandoning the rigid 
braced hull and supplanting it by a flexible boat-built construction in’ which 
timber was utilised throughout and a multitude of wires and small metal fittings 
were entirely obviated. 


In this country in general, and in the Southampton district in’ particular, 
there was a vast amount of experience with no deficiency in skilled labour, for 
the construction, im accordance with the best vacht building practice, of hulls 
that would stand heavy seas and vet at the same time meet the exacting require- 
ments of lightness. ‘That the utilisation of these facilities was sound is proved 
by the fact that almost every country in the world has since come to Southampton 
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for its marine aireralt. Nor has this incorporation of vacht building practice into 
our hulls, been at the expense of the efficiency of the aero-structure, 

Krom the illustrations it will be noted that the wings are conveniently placed 
above the hull and so the structural restrictions imposed on the one hand by the 
marine funetions of the aircraft upon the aero-structure, and on the other by 
the aeronautical functions upon the hull, are reduced to a mininuwun. 

It is scarcely possible in this paper to enter into the details of the con- 
struction of the flexible wooden hull, but the basic principle is that the shell, 
which is usually composed of two skins of mahogany planking, is relied upon 


A number of Supermarine wooden flying boat hulls in vartous stages 


of construction. 


The Supermarme Souwthamplon. 
Launching.” 
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to transmit the loads. Various methods of supporting and stiffening the shell 
are in use, but they all rely on some torm of transverse frame or hoop with longi- 
tudinals at about 6in. centres. Hulls built in this manner have been shown to 
give long and efficient service and the only great drawback is their absorption of 
moisture. In a wooden hull weighing 2,oo0lbs., the soakage in three months 
would be of the order of 3oolbs., ie., 15 per cent. of the hull weight or 2 per 
cent. of the total weight of the aircraft, but after that time the increase is 
negligible. 

It is by no means a pleasant thought, however, that we are carrying about 
300lbs. useless load and this fact has been one of the greatest inducements to 
substitute metal for wood in hull construction. In addition the wooden hull has 
so nearly reached the limit of its logical development that for increased efficiency 
we must turn to other materials of construction. It will be clear that other 
properties being equal the most eflicient material is that having the greatest 
ultimate strength per unit weight. The following table shows the relative 
efficiencies of various suitable metal and alloy sheets. 


Max. Stress Max. Stress Per Cent. 
Material : tons; sq. in, Density 
Duralumin a7 g.6 100 
Stainless Stee! 4o 5.1 53 
AJuminium 10 3:67 38 
Mild Steel 26 34 
Max. Compressive 
Timbers : stress tons/sq. in. 
Spruce 2.23 5.2 34 
Mahogany ats 2.68 5.0 52 


The use of the elastic limit instead of the maximum stress does not alter 
the relative position of the metallic materials although clearly ‘it considerably 
increases the efliciency of the timber. 


Klastic Limit) Elastic Limit Per Cent. 

Material : tons;sq. in. Density fliciency. 
Duralumin 4.5 
Stainless Steel 32 4.1 35 
Aluminium 2.75 37 
Mild Steel 13 1.65 34 

Timbers : 

Spruce 2:23 5-2 108 
Mahogany 2.68 5-0 104 


In each case I have assumed 100 per cent. efficiency for duralumin. 

Irom the foregoing tables it will be seen that duralumin outclasses stainless 
steel in strength for weight. In other respects, however, stainless steel appears 
to have very definite advantages. At this stage in the development of stainless 
steel the degree of malleability that we may obtain is a little uncertain, but on 
the other hand its highly resistive qualities to the corrosive action of sea water 
appear well established. Duralumin is an alloy with which in the aeronautical 
industry pve are already well conversant and its ease in working endows it with 
a very great advantage. Unfortunately, in common with other alloys, it suffers 
seriously at the hands of the sea water and some protective covering becomes 
essential. 

Plating, painting er varnishing gives duralumin a high degree of immunity, 
but the slightest puncture of the coating is liable to be a source of trouble. 

The need for a light, malleable non-corrosive alloy for flying boat con- 
struction is great, but it must be admitted that the immediate commercial bait 
we are able to offer is small in comparison with the necessary capital outlay. 
If one is circumstantially able, however, to take a jong view of the matter it 
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seems that success should hold out the promise of a high reward. In the mean- 
time 1 should like to make use of this opportunity of making our need known 
to those metallurgists who have not yet interested themselves in light alloys, 
and to commend this branch of metallurgy to their attention. 

As far as 1 am aware, all marine aircraft designers, both in this country and 
abroad, have for the moment turned their attention to duralumin in preference to 
steel. This is intelligible in the light of the foregoing observations, but there 
is another reason. For the size of hull we are at present building the steel sheets 


The Supermarine “ Southampton.” 
Taking off.” 
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The Supermarine ** Southampton” twin-engined flying boat. 


“In flight.” 
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for the skin of the boat would have to be thinner than is practically possible, 
in order to realise the full comparative ethciency figure. 

The largest successful flying boats vet built have weighed about 30,o00lbs., 
hut Tam of the opinion that we have a considerable way to go vet before steel 
will supplant duralumin for hull construction. If | might hazard a prophecy, | 
should say that in a 60,0colb. boat steel would be inefhicient from the weight 
point of view, whilst it would be likely to pay in the case of a 100,0001b. machine. 
In saving this | am naturally assuming that all difficulties in the manutacture and 
working of stainless steel sheet will by that time have been removed. 

1 do not propose to enter into the question of welding because in the type 
of construction we are employing welded joints are unnecessary if not undesir- 
able. The actual constructional design of the metal hull is being tackled in two 
distinct ways. In this country we have more or less adhered to recent wooden 
practice by building the hull on transverse frames with longitudinal members. 

The transverse frames are made of duralumin sheets and vary in depth from 
a few inches to as much as two feet on the keel amidships. Where the frames 
are deep, they are lightened by means of holes which are subsequently flanged 
up- The longitudinals can conveniently be made in’ section strip, flanges 
being provided at the tops of the U for riveting the plates. The shell plates 
are then riveted on to the frames and intercostals and we obtain a homogeneous 


and resilient structure. In the designs of Dr. Rohrbach in Germany, however, 
the transverse section of the hull has been made rectangular and the planing 
bottom forward of the main step is flat. These external lines clearly indicate 


a girder construction, with the outside plating bracing the bavs. One advantage 
of this method is the ease with which transverse bulkheads may be fitted, and 
ina boat of normal reserve buoyancy it is possible to keep afloat with 4o per 
cent. of the watertight compartments flooded. Bulkheads have been successfully 
designed for the flexible hull, but they must necessarily be flexible in themselves, 
and thus represent an extra weight over the bulkhead in the rigid) boat) where 
it is definitely a structural member. 

Even with the small amount of experience we as yet possess in metal hull 
construction, we have been able to build good and serviceable duralumin hulls 
for at Jeast the same weight as similar wooden hulls. Indeed, some designers 
consider that by using durajiumin they have reduced their hull weight exclusive 
of hull soakage by as much as 20 per cent., but it is difficult to obtain true com- 
parative figures. In two cases where duralumin and wooden hulls were built 
to the same lines the weights before Jaunchinge were almost identical. 

In the least successful instances, therefore, we have at any rate saved the 
weight represented by hull soakage, and it would appear reasonable to expect 
that with the development of duralumin construction an economy in weight as 
great as 20 per cent. may be expected even for small boats; whereas in a flying 
boat of 60,000l). gross weight, the increase of this figure to 30 per cent. is by no 
means impossible. As vet, however, there is no very convincing proof that 
savings in excess of a few per cent. have been realised. 

In a duralunin hull it is by no means casy to avoid the use of steel bolts 
and fittings, especially if the wing structure is of the biplane form. This diffi- 
culty can be overcome by building the centre section of the wing permanently 
into the hull, but this 1s open to serious objection on the grounds of the need for 
interchangeability and repair, The use of duralumin at highl 
stressed points involves large and clumsy fittings. In spite, therefore, of the 
electrical tension between duralumin and steel and the corrosion it sets up, the 
use of steel can as yet barely be avoided. Protective painting and the use of 
red lead when the fittings are bedded down is of some avail, but even if every 
precaution be taken, working between the parts is certain and corrosion then 
becomes only a matter of time. In this particular respect therefore the stainless 
steel hull will have very definite advantages. In the meantime it is necessary 
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for great vigilance to be shown in the ground inspection of all points where the 
steel can make contact with duralumin. The local replacement of any parts liable 
to corrosion should also be given careful consideration during design. 

In the development of the hull we have had to rely entirely upon specialised 
work, but in the case of the superstructure we have been able to draw upon a 
large amount of experimental and research data which have been obtained for the 
use of aircraft in general. 


Aerodynamically improvement has been effected (a) tn acrofoil characteristics ; 
(b) in the reduction of parasite drag. 


(a) A large variety of aerofoil sections is now available and the particular 
section used in any aircraft can be chosen with strict reference to the character- 
istics of the machine and the requirements in performance. As an example an 


The Supermarme “ Swan.” 


Landing.” 


The Supermarine Swan” twin-engined flying boat. 

anchor.” 
The ** Swan” is the largest British passenger-carrying flying boat and 
will shortly be used on the Southampton-Guermsey Service. 
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aireralt with a high wing loading clearly flies with its wing at a larger angle of 
incidence than a more lightly loaded machine of approximately the same speed. 
if, therefore, maximum or cruising speed were a matter of importance, in’ the 
former case we should endeavour to use an aerofoil whose minimum drag was 
accompanied by a larger lift than would be necessary in the less heavily loaded 
machine. The drag of aerofoil sections has been progressively reduced, whilst 
the maximum Jift by the utilisation of adjustable slotted leading and_ trailing 
edges can be almost doubled. A suggestion to utilise the principle of the 
Ilettner rotor also gives certain promise, but the difficulties involved should not 
be minimised. 


Another problem to which inercasing attention is being paid, is the reduction 
of the movement of the centre of pressure. In a flying boat a reduction of the 
arm from the centre of gravity to the tail is a valuable modification from both 
structural and weight considerations. It must not, however, be at the expense 
of longitudinal stability. By limiting the movement of the centre of pressure 
considerably greater stability may be obtained even with reduced tail arms. Two 
acrofoils recently designed at the Roval Aircraft Establishment show particular 


merit in this respect. R.A... 30 has a centre of pressure which is constant to 
within 2 per cent. of the chord throughout the normal flying range. It suffers, 
however, from a Jow value of the maximum lift coellicient which at an LV of 
53-3 1s only .46. The other aerofoil, R.A.F. 33, at the same LV, gives a 
maximum lift of .o1 with a centre of pressure movement, between k,=.1 and 
maximum k,, of 6 per cent. The drag of this section, however, is greater than 


that of R.A... 30. If from these aerofoils there can be designed a new section 
having a k,; maximum of at least .6, a C.P. movement between k,=.1 and 
ky, maximum of about 12 per cent., and a minimum drag approaching that of 
R.A. 30, something very material will have been achieved. 


(b) In the reduction of parasite drag the utilisation of thicker wing sections 
has been of the utmost importance. It was left to Dr. Prandtl, of Géttingen 
University, to show that aerofoils could be designed having twice the relative 
thickness of the normal thin section of about ro per cent. camber, without loss, 
and indeed in certain cases with very considerable gain, of aerodynamic efficiency. 
In the biplane, thicker wings enable us to increase the lengths of spars between 
supports, thus reducing’ the number of interplane struts and wires. It is, however, 
in the case of the monoplane that the eificiency of the thick wing is most marked 
for it permits us to dispense with all external bracing. 

The quantitative value of the absence of this bracing may be gauged from 
the following table which details the resistance of the various component parts 
of the biplane flying boat of clean design. 


Per Cent. of Total Drag. 


Wings 40 
Wing bracing IS 
Hull and floats — ... 15 
Tail planes, fins and rudders 9 
Power units 18 


In practice the saving indicated is not fully obtained as the monoplane for the 
same wing area inevitably requiries a greater wing chord than the biplane. ‘Te 
obtain the same degree of longitudinal control, therefore, it is necessary either 
to lengthen the huli or increase the area of the tail surfaces, either of which will 
increase resistance. In addition the induced drag of the monoplane wing Is very 
slightly increased, but an allowance of 3 per cent. extra drag is fully adequate 
to meet all these points. It will thus be evident that for the same performance as 
the biplane the monopiane internally braced wing reduces the horse-power required 
by no less than 15 per cent. Conversely for the same engine power the top 
speed is increased by 6 or 7 per cent., and the climb by about 15 per cent. It is 
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trae that the monoplane slightly less maneauvrable than the biplane. For 


a scout or light bomber this may be a serious drawback, but for large machines 
such as we are considering the difference between the manceuvrability of the 
two types is negligible. 


The constructional development of the aerostructure of the flying boat is 


possibly more advanced than that of the hull. The wooden wing has for several 
years now given smal] scope for structural improvement, and metal construction 
has, therefore, been given a great deal of consideration. The problem its 


material aspects is similar to that of the hull, and the remarks on the materials 
6f hull construction equally apply to the wing. The constructional design of the 
metal wing, however, is clearly a problem in itself. Development has proceeded 
along two distinct lines. In one method the wing stresses are concentrated in 
two or more spars, whilst in the other the skin of the wing is arranged to 
transmit the loads. 


For a multiplane structure it is probable that the separate spars afford the 


best solution, for it is impossibie to avoid concentration of stresses at the points 
of attachment of the interpiane bracing members. In this system light ribs, 


either built up or punched out of sheet, transmit the air loads on to the spars 
which are invariabiv of the built-up type. Cold drawn weldless steel tubular 
sections also show some promise, but the built-up spars appear at the moment 
to give the best hope of success. In this method of construction the wing 
covering of doped fabric is usually maintained, although finely corrugated shect 
has been successfully used. It is, however, heavier than the fabric and its use 
cannot yet be justified. 

In the wing with the stressed shell the question of covering automatically 
resolves itself, This system relies for its strength on a wide built-up box girder 
which runs the whole length of the span. In depth it conforms to the ordinates 
of the aerofoil section, and in width is about .6 of the chord, the front of the 
girder being about .1 of the chord from the leading edge of the wing. The two 
skins are built up of duralumin plates riveted together, and their thickness for 
minimum weight should vary from tip to root relatively with the bending moment. 
The skins are connected together by at least two longitudinal webs, and trans- 
verse frames are provided to stiffen the skin and resist torsion. It may not 
always be convenient to arrange the centre of the girder fore and aft at a point 
midway between the extreme positions of the centre of pressure and in this case 
the torsion on the wing may be reduced by varying the thickness of the plates 
across the chord, as well as along the span. 

Tapering the wing towards the tips in plan form is economical aerody- 
namically and structurally, but not financially. In the box girder construction 
the structural difficulty of a parallel wing is easily solved, for a slight increase 
in the thickness of the plates at the root will resist the increase in bending 
moment due to a larger span. We are thus spared the expense of a large number 
of rib jigs of varying sizes, and one rib profile can be used throughout. 

The use of metai wings in flying boats will certainly entail a saving in 
weight, although what economy has at present been achieved is a little difficult 
to determine. In addition there are the advantages shared also by the metal hull, 
of robustness of construction, freedom from minor damage, and resistance to 
climatic changes. 

It is noteworthy also that an increasing volume of full scale aerodynamic 
data, supplemented by a close observation of the wear and tear of components 
in service, has enabled us to reduce our factors of ignorance in cases where 
weight was being wasted through overstrength. This is an economy to which 
due attention is not always given. 

With equipment the modern flying boat is replete. Full marine gear is 
provided for mooring, towing and beaching, and a collapsible dinghy is carried 
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for use in emergency, or for rowing ashore after anchor has been dropped. \ 
bilge pump and hose is provided tor clearing all watertight compartments whils 
the boat is still afloat. Boats of over 30,000lbs. can also be conveniently fitted 
with a smali marine motor for use in case of complete engine failure. Sails haye 
also been used successfully for emergency propulsion. AIL large boats are fitted 
with wireless telephony, normal trailing aerial being used in flight, a collap. 
sible mast being erected on the deck of the hull for reception and transmission 
whilst the boat is on the water. 

Operationally the flying boat may be treated precisely as a ship, and may be 
left on the water for several weeks without being drawn up the slipway. If 
desirable the crews can live on board. Multi-engine boats can be manceuvred 
with great ease on the water by the suitable use of the engines, and large boats 
may be operated by experienced pilots even in congested waterways without 
external assistance. 

Before closing my account of recent progress it will be apposite to mention 
particularly what has been achieved from the user’s point of view. I think | 
cannot do better in this respect than quote you from a_ recent issue of the 
aeronautical journal The Aeroplane, ** The pilot shut off one engine and flew 
back the last 150 miles with the other engine alone. Not only did the machine 
fly, but it actually climbed with one engine, turned against the pull of the engine, 
and taxied in with one engine. One believes that the Napier-engined *‘ South. 
ampton’ Supermarine is the only twin-engined machine (land or sea) which has 
ever performed such a feat.”’ 

I] believe it is in accordance with precedent that before closing this paper 
some reference should be made to the future. [ have outlined in several respects 
what line of development I believe the future will reveal, but perhaps some more 
specific mention of the flying boat of the future may be expected. 1 shall certainh 
feel progress has been inordinately slow if we have not constructed a boat of 
100,000lbs. gross weight by the end of the next decade. In referring to the 
probability of such a boat, I rather think I should find even Mr. Southwell with 
me. For you will recall that fox terriers with metal limbs may be considerabh 
larger than those having wooden ones, and in the marine sphere whales have 
Mr. Southwell’s permission to grow quite big. Supposing this boat to be for 
commercial purposes, I am inclined to think, this machine will be an all-metal 
monoplane boat of some 6,000 sq. ft. wing area, and 220 feet span. The power 
units will be housed in engine rooms built into the thick wing some 3oft. out 

_ from the hull, and the output of each room at full revs. will be some 3,000 b.hp. 
The engines may well be arranged either side of a central propeller shaft, the 
drive being through bevel wheels with a separate clutch to each unit. In the 
event of the failure of any block this will be automatically cut out and the 
mechanics could then consider its repair. Once the boat were in the air, it 
could fly comfortably on 60 per cent. of full power and the fear of a forced 
landing might, therefore, be dismissed. 

The hull will be arranged in two decks and provide spacious accommodation 
for 100 passengers. The speed will exceed 1oo knots and the boat could under- 
take flights up to 1,500 miles without alighting. By slightly reducing the number 
of passengers, therefore, such a boat could fly from Europe to America with 
only one stop at the Azores, and accomplish the whole flight within 36 hours. 

I regret time has prevented me from discussing more fully many important 
engineering problems, but I have endeavoured to show that in its present stage 
of development the flying boat is a sound engineering achievement. In the future 
the size of the flying boat will be vastly increased, her seaworthiness will offer 
greater security, the relation between useful load and gross weight will materially 
improve, and then with the numerous ports available she will prove herself a 
most speedy, efficient and desirable means of transport for commerce and 
pleasure, a serious competitor with the liner and the airship for the world’s 
ocean traffic. 
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DISCUSSION 


Sik ARCHIBALD DENNY, in the chair, highly complimented Mr. Simmonds on 
his very able paper and expressed his admiration for the flving boat hull whose 
weight had been kept at a very low figure indeed, whilst its strength had been 
enormously increased. Tle was not himself an aeronautical expert, but they had 
with them that morning an engineer of very great aeronautical experience in 
Wing Commander T. 8. Cave-Brown-Cave, and he would call upon him to open 
the discussion, 


CoMMANDER Cave-Brows-Cave said: vou, Sir, have been good enough 
to ask me io open the discussion | hope | may be given this opportunity of 
congratulating Mr. Simmonds on his paper, more particularly on the technical 
details he has given us. 1 think we are certainly to be congratulated on Mr. 
Simmonds, who has such high technical ability, taking up a subject such as 
flying boat design, in which i think, perhaps more than in any other with which 
lam acquainted, the question of ignorance is by far the greatest handicap. — If 
we can get technical men of first class ability to interest themselves in it in the 
way he has done it is a very promising sign indeed. 


I should like to say first of all that TL have had nothing to do with flying 
boat work for the last two vears, and therefore my remarks are not entirely up- 
to-date. One point in Mr. Simmonds’ paper interested me very much. He 
referred to the two steps being so arranged that when flying over calm water 
they automaticaliv set the hull at that angle which would give the wings their 
maximum lift. [t used to be considered, although no doubt the opinion has 
changed, that it was desirable the boat should get up on to her forward step 
and then would be very easily controllable by the act of control so that the pilot 


could set her at what angle he wished. The reason for that was that when 
taking off a swell it was necessary to be able to avoid being thrust off into the 
air from the top of the swell, Taking off in a perfectly fat sea the automatic 


arrangement is undoubtedly the best, but [should be very interested to know that 
the two steps which control vour angle are also satisfactory when taking off 
from a swell. 

Iam entirely with Mr. Simmonds, as Tam sure are all practical seaplane 
people, in his anxiety to get to a metal huli at the earliest possible moment. —.\ 
wooden hull is all right here at home, in Southampton Water or in places of 
reasonable climate, but I dread to think what the wooden hull would be in places 
like Burma, or in the Tropics. You might wake up one morning and find that 
your huli had been eaten by worms, and there is so little wood in the hull that 1 
am doubthul whether the worms would get any satisfaction from it! 


Mr. Simmonds very adroitly unloads on to the materials’ specialist: the task 
of developing, or taking the step which would make the development of the 
flying boat easier. 1 feel that what is required is a very careful investigation 
of the structure of the flying boat skin in order to get the metal into tension. 
The alternating bending as the skin meets the water is the worst possible load to 
which you can expose the metal. | think vou want to alter vour structure so that 
this metal is in tension; then vou can get the full advantage of the interesting 
tables which Mr. Simmonds has shown. 

There is one point that he did not refer to, but T was extremely glad to see 
it incorporated the Southampton machines,’ that is petrol tanks on the 
wings. Tam glad to say that Messrs. Supermarine have always rather favoured 
that feature. 1 consider that the removal of the petrol tanks from) the interior 


of the hull of the boat is a most important thing. These tanks on the wings are 
extraordinarily immune trom fire, the fire from a petrol leak being immediately 
extinguished. Tt was a most interesting experiment artificially to make a leak 


in the tank and light it; the air stream immediately comes down and extinguishes 
it. You always get leaks in petrol tanks. You eannot stop them. In a motor 
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ear the vapour passes off without much damage, but in a flying boat bull the larg 
ventilation is very much less, and there is always a smell of petrol. When you ava 
y mix petrol vapour up with wireless gear and other apparatus you are asking for 
trouble. 
: Mr. Simmonds referred to the handiness of the flying boat on the water, 
: Many people during our visit to Calshot may have noticed the extreme handiness 
of those flying boats manoeuvring there. The Southampton’ turned round 
with a handiness which to my mind compares very favourably indeed with a big 
sailing boat. At the Isle of Grain, which IT had the pleasure of commanding for Bui 
some time, I had numerous occasions on which naval officers came to see flying thic 
hoats work, and the thing which impressed them very greatly was their extreme whi 
: handiness. Compared with an aeroplane turning about in an aerodrome it is a 
most sharp distinction. amy 
; Attention was also drawn by Mr. Simmonds to the increase of size in’ the vel 
flying boat. To my mind the great advantage of increase in size may He in the 
: increase of seaworthiness, which to a flying boat is a very important factor. \ oa 
3 flying boat flies very nicely, but there is a good deal of difference between one nae 
fying boat and another actually on the water. The fundamental difficulty is ia 
this, that vour air structure is designed to be suitable for passing through the 
air at a very high speed. Water is 800 times as dense as air, and consequently she 
the load produced by water striking the air structure with the same speed as the mt 
air itself is enormous. You have to arrange to keep your air structure clear of on 
the water, and it is not at all an easy thing to do. If you had that point in mind was 
when you were looking at those slides of the ** Southampton ** vou would see muc 
how extraordinarily ably that has been done. | think it is an admirable design 
in that respect. The ‘* Southampton “ has been produced within the past two the 
vears, and a very large proportion of the requirements which were known to Am 
pilots in the past, now appear in that type of machine in a perfectly satisfactory | boa 
form. That, in my opinion, is a sign of very healthy progress. time 
In the last word but one on the last line but one of his paper, Mr. Simmonds Per’ 
refers to the airship. To am going to be airship biassed. | claim to know both 7 


the flying boat and airship sides. Those of you who read vour daily newspapers 
oe will probably realise that perhaps the greatest diflicultv we experience is when 
somebody takes up airship work, becomes super-enthusiastic, and makes claims 
a which cannot be realised in the immediate future. That has always been our 
difficulty. People make rather cutrageous claims. .\t the same time I do not 
agree with Mr. Simmonds when he suggests that the big flying boat is an aircraft 
for long-distance purposes—for oceanic transport. This point has in the past 
heen discussed at very great length, but there is just one point that is perhaps 
new. If vou take a 3,000 miles’ trip it is going to take you 30 hours, even if vou 
do it at 100 knots, and during 30 hours passengers require a very considerable 
amount of comfort. Even sitting in a really comfortable cabin IT should be very 
sorry to be there for 30 hours. In the airship we have this advantage, that we 
have almost unlimited space for passengers, and even in the ship they are building 
now you can have your separate dining saloon, and your promenade deck outside. 
I contend that the demand of passengers is for real comfort during travelling, 
because travelling is an extraordinarily monotonous business, particularly when 
you are flying, and | think the demand for comfort will tend to increase. | 
suggest that the airship in that respect has enormous advantages. — The 
advantage of the flying boat is a certain amount of increase in speed. In putting 
that point forward 1 do not wish in any way to minimise the extreme usefulness 
of flying boats. For a vast majority of commercial work the flying boat has one 
great advantage over the aeroplane, and that is as the size increases the 
difficulties of the flying boat do not increase anything like so much as_ the 
difficulties in the case of a big aeroplane. The flving boat, to my mind, is of 
immense importanee to an Empire such as ours, where we have to work over 
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large tracts of country where there is no ordinary aeroplane accommodation 
available. 

In conclusion, should like to say that think the Association is) much 
indebted to Mr. Simmonds for presenting so excellent an account of this work. 


Proressor F.C. Lea, of Shetheld University, referred to bis) work in 
connection with the use of metals in aircraft, and emphasised the advantage ol 
big machines for the development of metal construction, In the case of small 
aircraft the thin sheets tended to exhibit instability, which was not the case with 
thicker plates. He fully agreed with what had been said as to the great economy 
which we may hope to effect in the structure weight of large metal flying boats. 


Mk. SimMONDS in reply to the chairman cited the case of one of the 
amphibious Supermarine flying boats. The pilot had taken off the sea and made 
for an aerodrome. He, however, forgot to wind his wheels down and as a result 
the machine was pulled up somewhat abruptly. On inspection it was found that 
the only damage to the hull was the removal of the paint and varnish where it 
had run along the ground. He thought this gave a good idea of the strength olf 
a modern hull. 

He had not meant to indicate that a pilot should leave a boat to herself until 
she took the air, but rather that in a modern boat this was a possibility, whereas 
in the wartime boats, as Commander Cave-Brown-Cave would agree, it certainly 
was not. We had improved, not reduced, the control of the pilot whilst the boat 
was still on the water, and the ability of the new boats to get off swells was thus 
much improved. 

He had not meant in any way to detract from the enormous possibilities of 
the airship, but he did think that on routes, such as between this country and 
America, there would be sufficient trathe to warrant the use of the speedier flying 
boat as well as the airship. The flying boat would almost reduce the airship 
time by one hall. In other respects, he thought the airship and flying boat would 
perform complementary functions. With regard to comfort he thought that 
passengers in large fying boats would find nothing to complain of in this respect, 
but they must leave that to the judgment of time. 
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CORRESPONDENCE 
To the Kditor of the Jourxar or rine Rovan AERONAUTICAL SOCTETY 


Sirk,—-I was interested to read on page 547 of the October issue of the Journal 
the statement in a note by Mr. Oscar F. Gnosspelius that : 

“Mr. Handley Page, by consiructing a few rough feathers and 
arranging them in a certain manner, has been able to multiply the lift 
coetheient by approximately 3. With this disposition, however, the drag 
has been reduced to about 5 to 1, thus reducing the practical value cf the 
discovery.” 

I presume that Mr. Gnosspelius refers to the slotted wing, but Tam unable 
to follow the figures which he gives, and would ask him if he could furnish some 
explanation of them. 

With the slotted wing the maximum lift cocthcient of 1.go has been obtained. 

That part of the drag cocihcient’ due to induced resistance is dependent: on 
aspect ratio alone, and is therefore unaltered by the slotting of the wings. The 
profile resistance of the section is increased by slotting, but certainly not nine 
times. Twice would seem to be a figure more in accordance with the test results. 

As, however, Mr. Gnosspelius refers to the construction of ** a few rough 
feathers **—of which T was unaware—I should be interested to hear as to what 
he refers and the results which were obtainea.— I am, Sir, Your obedient servant, 


IK. PAGE. 
October 28th, 1925. 


To the Editor of the Jourxat or AERONAUTICAL 


Drak am sorry to learn thai Mr. Handley Page objects to my 
description of his slotted wing as a few rough feathers. When | first found the 
remarkable results which could be obtained by dividing a wing into a serics of 
vanes | was struck by the fact that the bird’s wing also consisted of a series of 
vanes, and [| have always looked on the phenomenon as a sort of vane or feather 
effect. 

Nature uses many more vanes than Mr. Handley Page, and theretore | used 
the word few. 1 said rough because the vanes roughly resemble a bird's feathers. 
Perhaps the word was net very wisely chosen, as a bird's feathers are in’ some 
respects rough and Mr. Handley Page’s vanes are smooti. 

What T wanted to point out was the remarkable results which had alreads 
been obtained by departing from the singic surface and adopting a multi-vane 
construction, 


With regard to the figures for the drag coetheirent which | mentioned, and 
which Mr. Handley Page aiso objects to, | arrived at the rough figure nine in the 
following manner: wing section of the type gives an LD ratio of 


approximately 15 to or al about a quarter of the maximum lift coettcient where 
normal flight usually occurs. The slotted wing in the form giving the highest 
lift coeflicient T have always found to give an ratio of about 5 to over 
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most of its range, and | find this confirmed by the diagrams in Mr. Handley 
Page’s paper read before the Society. 

If we consider the conditions between one-fourth and one third of the lift 
coctheient as the normal flving speed, for the same ratio of lift to drag, the drag 
coefficient must be increased three times, owing to the lift coetiicient being increased 
three times, but the /./D ratio here is about 5 to 1 instead of 15 to 1, and as 
assuming 15 to 1 ratio the drag would be three times as great, therefore, as the 
ratio is really 5 to 1, the drag coefficient must be 3 x 3, or nine times as great. 

| lave now checked this rough estimate by figures taken from the curves 
published in Mr. Handley Page’s paper, and find the results shown in the attached 
table comparing the slotted wing with R.A.F.15. 

Slotted Wings 


As 5 Slots. 7 Slots. 
Ratio of WW, max. R.A.F.15 to WK, max. 

K, at K, max... .0030 395 
Ratio of K,, at max. R.A. F.15 to K, 

at IX, max. Slotted 3.8 6.27 
Ratio of Ky at WK, max./4 to 

K, at K, max./4 Slotted 
Ratio of KK, at A, max./3 K.A.F.15) to 

K, at A, max./3 Slotted a — 6,83 (i 


If figures were available for the wing with six slots it would appear that 
my figure of nine should be a very close approximation ; on the other hand, the 
figure three for multiplying lift should be increased to 3.4. 

From these figures | consider that my rough estimate of three and nine as the 
numbers by which the lift and drag cocthcients must be multiplied in changing 
from a single vane to a multi-vane construction giving the maximum known lift, 
are justified. 

| quite agree with Mr. Handley Page that, if the aspect ratio of the slotted 
wing on an actual aeroplane can be improved owing to its diminished area an 
improvement will take place in these figures. This is an advantage which can 
be made use of by the aeroplane designer, but it does not appear to me to alter 
the aerodynamic comparison of the two wings. Yours faithfully, 


Oscar GNOSSPELIUS. 
November 3rd, 1925. 
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REVIEWS 


The Poetry of Flight: An Anthology 
Edited by Stella Wolfe Murray. | Heath Cranton, 7 6. | 


Miss Wolfe Murray has done good service in compiling this anthology ot 
poems on flying, though we hope she will forgive us for saving that on the whole 
it merely confirms the impression that the modern poetry of the subject is strangely 
disappointing. One would have thought that the romance of flight--the achieve- 
ment of the age-long aspiration of man—would have stimulated the poetic instinct 
and inspired poems equal to any in the language, but a study of those included 
here—selected from over 200-—-certainly does not justify this expectation. One 
is inclined to award the palm to the war poem of Francis Sulleyv, ‘* Chipstead 
Valley, July 7th, 1917 (Daylight Raid over London), for its contrast between 
the quiet calm of an English countryside, where 

Sweet marjoram and alkanet, 
Rose-mallow and agrimony 

With downy mulleins plead, ** Forget 
All bitter deeds done oversea,” 


and the sudden reminder of the grim presence of war, when 


The Boche this moment drops a bomb 
To blow the Bank of England up, 
And battle roars across the skies. 


This is, to us, nearer to poetry than some of the ambitious fines trom more 
famous pens. Lady Sybil Grant, too, in** The Trial Flight. To H.M.A. R.24," 
comes near to the true spirit, and voices a fine thought in the concluding lines 

The wircless whispered all went well, 

But what the wireless did not tell 

Was that, upon the sky patrol, 

Vo-day another ship had found her soul, 


which expresses the feeling, so familiar and so seldom reterred to, that to. the 
pilot bis machine is a living thing-—as the ship is to the sailor. 


There are some memorable lines in Mr. Alfred Noves’s The Island Hawk,” 
and ** The Birds of Steel’ by W. H. Davies has a haunting note, while one is 
glad, too, to meet again the two prayers of John Oxenham and Katharine 
Tynan. Though James Elroy Flecher’s forgotten ** Ballade shows obvious 
signs of immiaturity, it was worthy of rescue trom the oblivion into which it 
had fallen, but it was not altogether kind to put in juxtaposition to the bathos 
of Admiral Mark Kerr, 

In the historical section at the beginning of the book we notice that Miss 
Wolfe Murray has been criticised for including James Tytler’s familiar apostrophe 
of Lunardi, but this effusion which is admittedly not of a high order-—is typical 
of its period and should be included if only for its personal associations. — In 
fact, we find this section altogether unsatisfying, not because things are included 
Which had been better lett out, but because of sins of omission. We miss, 
lor example, the many references to Bladud’s legendary flight in XNVIth and 
NVIth century literature, such as that in Spenser's Faerie Queene : 
Yet he at Jast, contending to excel 
The reach of men, through flight into fond mischiefe fell 
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ven though space could not be spared tor the whoie of the verses on 
Bladud in the ** Mirour for Magistrates,’” we think that room might have been 
found for the quaint ‘* L’Enyvoy ** added by John Higgins to the 1587 edition, 
with its impeceable counsel : 


On ground is surest place for men to goe 


On high the tempests have muchspowre to wrecke : 
Then best to bide beneath, and surest for the necke. 

There is not space here to quote other examples of references to Bladud, 
but it would be difficult in our opinion to justify the exclusion from any anthology 
lines from such famous writers as, for example, Thomas Taylor (the *‘* Water 
Poet “) and Michael Drayton. 

We should have liked, too, to have seen quotations, trom William Dunbar’s 
satyre on John Damian's attempted flight from the top of Stirling Castle in 1507 

briefly described in John Milton’s History of Britain. Though these omissions 
we have referred to (like most of the late NIIth century verses on James Sadler 
and others which we also miss) are admittedly not poetry in the true sense, 
they were at least as characterstic of their ages as some of the modern English 
and American verse included. Though we do not expect to find this book on the 
shelves of every aeroplane designer, it should certainly be possessed by all who 
care for the history and literature of flying. 


25 Jahre Zeppelin Luftschiffbau 
Dir Dr. L. Diirr. | V.D.1.-Verlag M.4o. | 


Dr. Durr, who ts now the Technical Director at Friedrichshaten, has been 
associated with airships for the last twenty vears, so he is well fitted to write a 
handbook on the development of the Zeppelin type of airship. 


The result, contained in a well-illustrated book of some too pages, is of the 
greatest interest to airship enthusiasts in this country, especially when it. is 
remembered that all the successful rigid airships constructed up to date in this 
country or America have been copied from one of the types mentioned in this 
hook. 


The first part of the book, which is of special interest, deals with the Z.R.3 
or L.Z.126, which ship, it will be remembered, flew last autumn from Friedrichs- 
hafen to New York at an average speed of 60 m.p.h. over the 5,000 miles. The 
photographs are of particular interest, as a good view of the specially strengthened 
nose (for bow mooring) is given, and also details of the new type of transverse 
girder and the new keel are illustrated as well as described. The photograph 
of a single gasbag up to pressure is a good proof of the strength of the ship, 
especially when it is realised that no axial wire is fitted--the new arrangement ol 
radial wiring can be clearly seen on this photograph. 


The reversible engines are brietly described, and other accessories such as 
WT gear, instruments, ete. \ general arrangement drawing at the end of the 
hook gives a good idea of the distribution of weights and accommodation provided 
in this) ship. 


The remainder of the book traces with the greatest detail the development 
of the Zeppelin type from the first ship built in tgoo down to the present day. 
Each detail of the ship is taken in turn and a concise description given of the 
modifications and improvements made from experience gained in previous ships. 
Girders, wiring, planes, gasbags, outer covers, engines and transmissions, and 
accessories such as WT gear, gas valves, instruments, ete., are dealt with in 
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this manner, and in cach subsection some point of interest can be found. lor 
example, the girders used are described from the aluminium Hat section girder ol 
To and angle bar to the duralumin triangular section girders used in L.Z,126. 
A double-braced girder of this type under test, of length 2.6 metres and weighing 
1.3 kilog., broke under a load of seven tons, and one of the new type diamond- 


shape transverse girders of 7.34 metres length failed under a joad of ten tons, 
a bending load of .75 tons being applied simultancously at the centre of the test 
girder. These figures show to what,sstate of perfection the construction of the 


airship hull has been brought during the last twenty-five vears in the Zeppelin 
factory. 

Interesting statistical tables are given showing the advances made in speed, 
range, ceiling, and disposable lift of the ships, and it is interesting to compare 
L.Z.5 with her disposable litt of 4,650 kg. (ethciency 28.5 per cent.) and range ot 
miles at 30 m.p.h. to the L.Z.126 with disposable lift of 40,009 ke. (ethiciencs 
60 per cent.) and range of 7,500 miles at 75 m.p.h. 

Another interesting and surprising detail given is that over 38,000 passengers 
have been carried in commercial airships in Germany without any accident-—a 
really noteworthy performance when compared with any other form of transport, 
particularly in its infancy. 

Untortunately the book does not touch on the theoretical or design side ol 
the work beyond a bald statement that wind-tunnel experiments ina specially- 
constructed tunnel at Friedrichshafen were carried out and that these results were 
compared with full-scale results obtained in flight. The methods adopted to obtain 
data during tlying trials are not mentioned. 

In conclusion, the book can be strongly recommended to those interested 
in the history of Zeppelin airships, and Dr. Diirr is to be congratulated on this 
work, in which he describes so ably the progress made in what may be termed 
the most successful airship factory in the world. 


The Resistance of Express Trains 
By Dendy Marshall, M.A. The Ratlway Engineer,’ 20. - nett. | 


It is somewhat disquieting to read, in these days of high-speed locomotion, 
that although many experiments on the resistance of trains have been made, 
the problem of atmosphere resistance has not received the attention it merits. 
The tinportance of this aspect of train resistance can be realised when it is remem- 
bered that, at high speeds, atmospheric resistanee may absorb about fifty per cent. 


of the total power. In the book now under review, Mr. Dendy Marshall makes 
a praiseworthy effort to remedy this situation by examining, in the light of 


aeronautical science, the records of experiments with trains, both steam and 
electric. The task which he has undertaken is not a light one, because of the 
paucity of suitable acrodynamiecal data. For this reason it is not surprising that 
the author occasionally speculates, but he wisely refrains from contusing these 
speculations with facts. 


The resistances in both direct and oblique winds are considered at some leneth. 
The treatment is largely theoretical, and one feels—-with the author incidentally 
that a few well-designed experiments would throw much light on the subject. 
It is shown that the high resistance in an oblique wind is largely due to air 
resistance, and not, as is often supposed, to the additional flange pressure arising 
from the side wind. It ts interesting to read on page 12 that in some model 
experiments, unfortunately on a very small scale, the torces on the central cars 
were equal. This result is, perhaps, to be expected from some recent work made 
by Dr. Stanton, which shows that the intensity of surface friction is uniform 
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along a long flat plate. “The efiect of shape on air resistance is considered, and 
some suggestions made for decreasing resistance. 

It is important to mention that in addition to the study of aerodynamic 
resistance, the various other kinds of train resistance, such as those associated 
with the track, gradients, curves, ete., are also considered in detail. Not the 
least: noteworthy feature of the book is the inclusion of a Jarge number ot 
references. ‘The book can be thoroughly recommended to the reader in’ search 
for general information, and should be invaluable to the railway engineer. 


Das Rotorschiff 


J. Ackeret. G6éttingen, Bandenholek and Ruprecht, 1925. 1.80 marks. 


Phe success of this litthe book is shown by the fact that a reprint has been 
found necessary alter a few months, the first print of ten thousand copies having 
been exhausted. This must be due to a considerable extent to the simple was 
in which the author, who conducted the wind-channel experiments for Flettner at 
Gottingen, expounds matters which are usually considered to be in the province 
of Higher Mathematics. \iter a foreword by Prandtl, the first chapter is 
devoted to streamline motion round a evlinder, Bernoulli’s law being derived 
from physical conceptions, and the theoretical streamlines for a rotating cylinder 
from analogy with a stretched membrane. In the second chapter the same 
results are derived from. consideration of the Boundary Laver Theory. The 
model experiments ino the Géttingen channel are then described, experiments 
which showed the rotor-ship to compare favourably with a fully-rigged schooner 
of very large sail area; it is peinted out that the rotor is inferior to the aerofoil 


as a sustainer for the fying machine. Finally, there is a description of the actual 
ship and of the early trial trips. Mtogether, an interesting and well-illustrated 


treatise, at a price which would not be possible in this country. 
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not prolession 


together, have opportunities of study and keep themselves 


Membership 


ai 


The reduction of the rates ef subscription ts nder consideration 


The membership, is divided into two categories: 


(a) Technicali—(1) Students: Reserved for those under the ave of op who are re 
technical training, such as will fit them in due course to 
entrance fee; Subscription, 1 guinea. 


become Associate Fellows No 


(2) Associate Fell 


us Reserved for yno are duly qualified ir cordance it] 


the Regulations. Entitled to use the letters A.F.R.Ae.S. after their names Entrance 
fee, 3 guineas ; Subscription, 4 guineas 
(3) Fellows: Reserved for those ho have attained to considerable eminence jn the 
science of aeronautics, and are duly qualified in accordance With the Regulations 
Ientitled to use the letters F.R.Ae.S fter their names Entrance fe 5 Guiness; 
Subscription, 6 guineas. 
(b) Non-technical (open to all).—Members : Ali who desire to support the Society are eligible 


Entrance fee, 1 guinea; Subscription, . guineas 
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AERO ENGINES 
THE BEST IN THE WORLD 


Result of the * Famous Flights” Contest 
publishe d 4 


SALRIVAYS, of Septenber, 1925 


Ix this competition readers were asked to vote as 
to the merits of six famous flights of recent years. 
The novel form of the contest aroused great interest, 
and several hundreds of entries were received trom 
all over thecountry. The result of the voting places 
the six flights in the tollowing order of merit:— 
1. ‘Vhe ‘Vrans-Atlantic Flight by Alcock & Brown. 
(ROLLS-ROYCE engines.) 
. Cobham’s 17,000 miles Flight to India and back. 
Puma’ engines.) 


‘Vhe Ross-Smith 11,294 miles Flight to Australia. 

(ROLLS-ROYCE engines. ) 

4. The American Round the World Flight. (American 

Liberty engines.) 


w 


5. Uhe Airship R34’s Vovage to America and back. 


(Sunbeam airship engines.) 


6. Cmdr. Goble’s g,oco miles Flight round Australia, 
(ROLLS-ROYCE engines.) 


It well be noted that three of these famous flights were made with 
ROLLS-ROYCE aers engines, and that ail six flights were made 


by WATE R-COOLED aera engines. 
ROLLS-ROYCE LIMITED ‘ 


14-15 CONDUIT STREET, LONDON, W.1 


Leicgrams: Rolhead, Picey, London Lelephane: Maytair 6040 (4 lines) 


XUM 


ig 
3 

i 

# 

j 

| 


ADVERTISEMENTS December, W925 


Aero Magnetos 


B.T.H. Magnetos have gained 
universal esteem due to their 
extremely reliable operation 
under all conditions. The per- 
fect design and workmanship 
incorporated in these magnetos 
has assisted in creating many 
world’s records in the air 


We and on the road. 


AV 14. Magacto 
14 Cylinders 


| 

Electrical Engineers Manufacturers, 

a Alma Street : : Coventry. | 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield. | 


SOPWITH-HAWKER CYGNET LIGHT AEROPLANE. 


THE H.C. HAWKER ENGINEERING CO., LTD., 


Desiqners and Constructors of 
of Aircraft. :: 


Contractors to H.M. Air Ministry and Foreign Governments. 
t 


Offices and KINGSTON-ON-THAMES, SURREY. Telephone : Kingston 1988. 
crodvome: BROOKLANDS, SURREY. Telegrams: Hawker, Kingston 
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PARNALL PIXIE 


LIGHT AEROPLANES 


World-Famed for Speed G _ Reliability. 


PARNALL  PIXIF. III 


Two-seater training Machine Folding Wings. Convertible to Biplane 


Cherub, Anzani or Blackburne 


GEORGE PARNALL & CO., 


COLISEUM WORKS, PARK ROW, 


BRISTOL, ENGLAND. 
Telephone : 4773 Bristol P.B.E-x. (3 lines) 


Telegrams Warplanes, Bristol.’ 


London Office: EVELYN HOUSE, 62, OXFORD STREET, W.1. 
Telephone Museum 4375 


Factories: PARK ROW, QUAKERS FRIARS, MIVART ST. & FEEDER RD., BRISTOL. 
Experimental Works and Test Station: YATE AERODROME, GLOUCESTERSHIRE. 
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14 Cyl. Radial 
Aircooled Engine. \ 


385-425 h.p. 


Weight 760 lbs. 


The 
LYNX 

7 Cyl. Radial 
Aircooled Engine. _ , 
180-200 h.p. 

Weight 460 lbs. 

The 
JAGUAR 


ENGINES 


Ist & 2nd }, 


Ist CUP 


ARMSTRONG SIDDELEY MOTORS LTD. 
\ Allied with Sir W. G. Armstrong Whitworth & Co., Ltd.), 
Vorks and Aerodrome: Coventry. 
iuondon 10, Old Bond Street, W.1 
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The 


‘ARGOSY’ 


Designed and constructed 
jor Imperial Airways Ltd. 
by Sir W. G. Armstrong 
Whitworth Aircraft Ltd 

Hitted with 3 Armstrong 
Siddeley 
Engines 


Jaguar’ 


SISKIN 


Single Seater 
Fighting Scout 
Fitted with 
JAGUAR 
Engine. 


= 


T 


1923 
1925 


Allied with Sir W 
Works and 
London 10, 


ARMSTRONG WHITWORTH AIRCRAFT LTD, 
. G. Armstrong Whitworth & Co., 


AEROPLANES 


ARMSTRONG 


« 


Ltd.). 
Coventry. 
Street, W.1. 


Aerodrome 
Ola Bond 
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LEARN FLY 


AT THE LARGEST PRIVATE FLYING 
ve SCHOOL IN THE BRITISH EMPIRE 


Full Prospectus and Syllabus of 


Training will be sent post free 


upon request 


Special Trial Lesson, £2:2:0 


THE DE HAVILLAND 
SCHOOL OF FLYING 


(Proprietors: The de Havilland Aircraft 
Company, Limited), 
STAG LANE AERODROME, 
EDGWARE, MIDDLESEX. 


Clyde Alloy 


STEELS FOR 


AERO ENGINES 


AND ALL CLASSES 
OF 


AIRCRAFT WORK. 
The Clyde Alloy Steel Co., Ltd., 


Tapping Electric Furnace at 
Craigneuk Works. MOTHERWELL. 


Telegrams : “ CLYDALL, MOTHERWELL Telephone: MOTHERWELL 357 (2 lines). 
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IDVERTISEMENTS 


AIR CR hk A eT 


(Branch of Petters Limited, Yeovil). 


| 


WORKS 


The IDEAL FACTORY for AIRCRAFT PRODUCTION, 
Telephone: YRovu 14. 


Telegrams AIRCRAFT, YEOVIL.” 


ESTABLISHED 1912 


London Flying Boats. 
Broapway Court, Contractors 
WESTMINSTER, NAN THE ROYAL NORWEGIAN NAVY. THE KOVAL SWEDISH NAVY 
NAVAL AIR SERVICK, THE CHILIAN NAVY, THE PORTUGUESE 
Telegrams FORBIGN GOVERNMENTS 
SUPERMARIN Registered Ofices and \Vorks: 
SOWEST, LONDON 


SOUTHAMPTON. 


SUPERMARINE 


Designers and Constructors of Naval Flying Boats and Naval Amphibian” ~—SSSS 


Telephone (2 lines 


ENGLAND 


\DMIRALEY, MER MINISTRY, JAPANESE WooLston 37. 
» SHE SPANISH ROYAL 
NAVY, AND OTHER 


Cables 
and Velegramy 
SUPERMARIN, 
SOUTHAMPTON, 


THE Designers and Constructors of 


SUPERMARINE ‘‘ SWAN” TWIN-ENGINED FLYING BOAT 


TWO 450 NAPTER 


LION ENGINES. 
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OXYGEN BREATHING APPARATUS 


AND OTHER 

SAKETY DEVICES ror AITIRNIEN. 

HIGH PRESSURE OXYGEN APPARATUS complete (Hand Control and 

Automatic Altitude Control, etc.). 

LIQUID OXYGEN APPARATUS complete with Vaporisers, 

Control Fittings, etc. 

PHOTOMANOMETERS. 

“PARODA*” COCKPIT PADDINGS, or Protective Cushions. 
INFLATABLE LIFE-SAVING BELTS. SAFETY HARNESS. 
WATERPROOF WADING SUITS, with Out-of-depth Emergency 
Buoyancy Pads. 

«xc. 

& CO... LTYD., 
187, WESTMINSTER BRIDGE ROAD, 
LONDON, S.E.1. 


Telegrams; “ Siebe, Lamb, London.” Telephone No.: Hop 3401 (2 lines) 


BRUNTONS 


CABLES FITTINGS 


FOR AIRSHIPS AND AEROPLANES. 


BRIGHT STEEL BARS Sq,, Rd., Hex. COLD ROLLED STEEL STRIP 
SPECIAL SHAPES from your Drawing 


<taals HIGH GRADE STEEL WIRE 


BRUNTONIZED WIRE. 


CONTRACTORS TO ADMIRALTY, WAR OFFICE, AIR MINISTRY, COLONIAL & FOREICN COVERNMENTS. 


Hicad Offer WORKS AND RESEARCH LABORATORIES, 


MUSSELBURGH 


London Ofive—33-54, CRAVEN HOUSE, KINGSWAY, W.C.2. 
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oe 


Registered Trade Mark 


Strong as Steel. 
Light as Aluminium. 


STR ENGTH An alloy with the strength 
COMBINED hardness of Mild Steel, 


WITH 


LIGHTNESS . | but having only one-third of 


its weight, and __ possessing 


excellent machining qualities. 


London Office : 
VICKERS HOUSE, | 
_ BROADWAY, S.W.1 


== VICKERS LIMITED == 


Address all Communications 

| 4o:Head Office, 
. ARGYLE STREET, NECHELLS, 

| @) | BIRMINGHAM. 
AN wry Works: 

Argyle 
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AIRCRA 


A broken coast-line studded witb islands and extending 
hundreds of miles can be satisfactorily patrolled by a small 
number of Blackburn torpedo-carrying and bombing aero- 
planes. 


The Blackburn Company are specialists in these machines 
fitted with pontoons. They are exceptionally strongly built, 
have an excellent performance, carry a second man and dual 
control. 


The “ Swift’? Seaplane and other aircraft, both water and 
land alighting, may be inspected at the Company’s Flying 
School, Brough, near Hull. 


THE 


BLACKBURN AEROPLANE & MOTOR feu: 


Telegrams : Telephone : 
“Propellers, Leeds.” OLYMPIA, LEEDS. 601 Roundhay. 


[December, 
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For the opinions expressed in Papers that are signed or initialled the authors alone are 
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Council of the Royal Aeronautical Society, unless such is definitely stated to be the cuse. 
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Eastman Aero Camera 
Model Kl 


for Topographical Work 


The Eastman Aero Camera (Model K1) is entirely automatic 
in action. Driving power is provided by a wind motor con- 
taining a rotary paddle wheel, with a lever control, which also 
regulates intervals between exposures. Any number of 
exposures—size 9} ins. x 7}, ins. (18x24 cm.)—up to 100 
can be made on one 75 ft. roll of Eastman Daylight 
Loading Film. The film “< 

is held flat by the constant 
suction caused by the Ven- 
turi tube. Shutter speeds 
can be varied at will from 
1/90th to 1/310th of a 
second. Fitted with either 
12 in. or 20 in. f4.5 lens. 


Further particulars post free on application to 


Kodak Limited, Kingsway, London, W.C. 2 
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Approved by British Air Ministry for use on Aircraft. 


To illustrate the same joint ™ 


JUBILEE 
WORM DRIVE 


HOSE CLIP 


BRITISH MANUFACTURE. 


Once Tried, 
Always Used. 


Will even tighten this. Tight with equal pressure all round. 


QUICK TO FIT. ———— PRACTICALLY INDESTRUCTIBLE. 
Now used for AERO ENGINES, 


Motor Car Radiators, Fire, Suction, and Pneumatic Hose, Railways, 
Paper Mills, Breweries, Wireless Earthing Clips, etc. 


Superior to any type of Clip or Wire Binding. Best Steel Heavily 
Galvanised. Will stand pressure. 


Simply push the tree end under screw and tighten up. 


IN FOUR SIZES Size I. From (in. to Lin. dia. Size “i From 2in. to 2iin. dia. 
OUTSIDE DIA. 2. tin. to Ziin. ., 4, » 2iin. to Siin. dia. 


Manufacturers 


L. ROBINSON & CO., London Chambers, GILLINGHAM, KENT. 


For safe and economical 
flying instruction—the 


LUCIFER SCHOOL MACHINE. 


Its construction is simple and strong, and 
its engine the most reliable in the world. 


Designed and 

constructed by 

THE BRISTOL AEROPLANE 
COMPANY, LTD. 

FILTO N,————_BRISTOL. 


Telephone : 3906 Bristol. 


Telegrams : “ Aviation, Bristol.” 
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FAIREY 


SEAPLANES, MILITARY, 
AEROPLANES, NAVAL, OR 


AMPHIBIANS, COMMERCIAL. 


FAIREY SERIES Ill. SEAPLANES GO ABROAD. 


The abore photograph depicts a hatelh of Seaplanes which the 
Fairey Aviation Company, Limited, hare just supplied to the 
Dutch Government. These machines are re quired for service in thee 
Dutch Kast Indies, which are situated on the Equator, 


Kificient design combined with perfect workmanship eminently fil 


Furey Atreraft) for work het climates. This fact has been 


demonstrated on numerous oecasions by many remarkable flights 7 


made in the tropies. 


THE FAIREY AVIATION COMPANY LIMITED 
HAYES, MIDDLESEX. HAMBLE, ne. SOUTHAMPTON. 


Telephone : 136, 137, 138 Hayes, Middx. 


Telegrams» Airily, Hayes, Middx. 


4 
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Grid I 


The distinative Grid Leak 


lhe Iugranie Fixed Grid Leak links accuracy with reliability in 

operation and great adaptability. The resistance element is com 

posed of a special compound which, in conjunction with the novei 

method of assembly, ensures absolute silence and constancy in 

operation. Price. complete with clips and fixing serews, and 
with two special) spade terminals. 2'3 each. 


Regd. Design 
No. 716072 


Supplied in the following resistances 05 megohm, .! megohm 
2megohm. megohm. 1.0 megohm, 2.) megohms. 5.4 megohms 


List Z 858. 


Glasgow 
Leeds 
Man 


Write for 


ranches 


lhirming- 

ham 
iristol chester 
GRANI 
castle 


149, Queen Victoria works: Elstow Rd. 
Street, LONDON. BEDFORD. 
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FINDLAY’S 
MOTOR METAL L.I, 


INGOTS 


The proved best metal for lining 
the Con. Rod Big End and Main 
Crankshaft Bearings of internal com- 
bustion engines. 

We also manufacture complete 
Bearings—bronze backs lined and fin- 
ished to limits. Our process includes 
grinding outside diameters and broaching 
the bore to ensure accuracy and finish. 


The Glacier Metal Co., Ltd., 
EALING ROAD, 
ALPERTON,— MIDDLESEX. 


Telephone -WEMBLEY 1660. 


THE 


RIGID AIRSHIP 


A Treatise on the Design and Performance. 


By E. H. LEWITT, B.Sc.(Lond.), M.LAe.E., 
A.M.1.Mech.E. 


This is the only work on the subject in 
English ianguage. Author is a 
ccogmised authority. on airships and 
has in his book the result ot 
mans Vears’ practical experience thei 
design. The subject ot Rig rid Airships is 


becoming of increasing importance, and 
everyone interested the progress oj 
\eronautics will find this book well worth 
perusing. The tabulated data render th: 
hook highly valuable for reference pur 
poses, 
“to omest eacellent bool, well written by 
one athe master at his subject.’ 


MANCHEST GUADIAN. 


Fully [lustrated, with 135 Photographs 
and Designs. 


PRICE 3O - NET 
or 
Si ISAAC PITMAN & SONS Ltd. 
PARKER STREET, KINGSWAY, W.C.2 


MACHINE TURNED 


FREMO 
TAPER 


PINS 


Accurate and true to Gauge. 
Also other A.G.S. PARTS. 


FRED. MOUNTFORD LTD., 


Fremo Works, 


Moseley Street, BIRMINGHAM. 
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THE TWO BEST DEMAND 
INSULATING 
MATERIALS] | 
AWARDED 


IN THE WORLD. 

‘BECOLATE 
A harder 

EBONITE MATERIAL 


Tubes, Mouldings, 


Send for List “ H’’—and Samples. 


HANWELL, LONDON, W.7. 


THE BRITISH EBONITE CO., LTD. 


| 
| 


BY NAME 


THE PUREST & BEST 
ACCUMULATOR ACID 


Prepared from natural Brimstone 
distilled water & specially tested 


Makers of since 1871 
LONDON E 


TAS. ba. 


MALLITE is the AERONAUTICAL PLYWOOD 
of the WORLD. 


THE AERONAUTICAL & PANEL PLYWOOD CO., LTD., 


218-226, Kingsland Road, 
SILVER SPRUCE ASH AND PROPELLER WALNUT AND MAHOGANY. 


TELEGRAMS & CABLE 
VICPLY, KINLAND, LONDON 
PHONE: CLISSOLD 3680 (3 line 


STRONGER AND MORE DURABLE THAN METAL. 
Strictly manufactured to the BRITISH AIR MINISTRY SPECIFICATION, 2 V.3. 


London, 


TRADE MARK 


THISTLE BRAND. 


§ HIGH TENSILE STEEL WIRE 


¢° To BRITISH STANDARD SPECIFICATIONS. 


FREDERICK SMITH & CO., 


WIRE MANUFACTURERS LTD. 


HALIFAX, ENGLAND. 


| 
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AERONAUTIGAL PUBLIGATIONS 


Transactions of the Royal Aeronautical Society 


Original Papers of a Fundamental Character in the Science of Aeronautics 


» 


Caleulation of Stresses in Aeroplane Wing Spars,"’ by 

‘ Position Fixing in Aircraft during Long Distance 
Sea,”’ by Instructor-Commander T. Y. Baker. 
LL. N. G, Filon, D.Se., F.R.S., late R.A.P. 


Aero Efficiencies by Dr. A. H. Gibson 


The Aeronautical Classics 


‘The 
Flights over 
R.N., 


Arthur 
the 
and Major 


ds. 


Od. 


Od. 
Od. 


Reprints of the Work of Early Pioneers on whose theories modern flight is based 


The High Tension Magneto,”’ 


by Sir Cayley (1809) 
‘* Aerial Locomotion,”’ by F. H. Wenham (1866) 
‘The Art of Flying,’’ by Thomas Walker (1810) 
‘* The Aerial Ship,’’ by Francesco Lana (1670)... 
‘*Gliding,’’ by Perey S. Pilcher (1897) . 
‘The Flight of Birds,’ by G. A. Borelli ( 


Miscellaneous Publications 


* Aerial Navigation,’ 


1680) 


* Methods of Measuring Aircraft Performances,’’ by Captain H. ‘ 
‘The Screw Propeller in Air,’’ by M. A. S. Riach eae 
by A. P. Young... 


‘* Commercial Aeronautics,’’ by G. Holt Thomas 

‘“The Training of Aeronautical FEngineers,’’ by Kk. M. Walmsley and 

** Steel Tubes for Aircraft,’’ by W. W. and A. G. Hackett 


Timber,”’ 
** Design of Aeroplane Struts,”’ 


‘“ Medical Aspects of Aviation,’’ 
“Struts of Conical Taper,”? by H. A. Webb and Miss FE. 
‘* Shop Practice in Respect to Aircraft Steel,”’ 
‘ Flight of Seagulls, 
** Chronology of Aviation,’ 


by W. H. Barling and H. A. Webb ... 
‘Stress Optical Experiments,’’ by Major A. R. Low 
by Dr. L. E. Stamm eRe 
D. Lang 
by P. 
’* by Dr. E. H. Hankin 


H. Maxim and W.. Hammer 


‘ Report of the Bird Construction Committee ”’ 
* London-Paris Service. 
’ The Report of the International Air Congress, London, 
R. Ae. S. Glossary of Aeronautical Terms 

Brit. Eng. 


Safety and Economy Committee’ Report 
1923 


Standard G lossary of Aeronautical Terms ° 


Tizard’ 


out of print. 


is. 
Is. Od. 
“Odi. 
is, Od. 
Is. Od. 
ls. 6d. 
2s. 6d. 
5s. Od. 
C. 
6a. 
vs. 6d. 
ds. Od. 
2a. 6d. 
ds. Od. 
9s. 6d. 
ls. 6d. 
ds. Od 
2s. Od. 
is. Od: 
. 10s. Sd. 
£1 Oa: 
2s. 6d. 
Is. Od 


THE ROYAL AERONAUTICAL SOCIETY, 


7, ALBEMARLE STREET. LONDON, W.1. 


Avionine 


DREYFUS Freres, 


Apply for information : 


The Leading Mark Throughout the World. 


ractors to the French ¢ 
alt Colonial Oftice 


\ir to all the 
$0. RUE DU BOIS, CLICHY. 


Second Line, Marcadet 8-05 
Code 


Works and Office: 


First Line, Marcadet 


relephone 
Telegrams \vionine Clichy-la-Garenne 


\Z French. 


2) On Avionine Special Cloth for gliders. 


rovernment (War Office, 
. Department of the Under Secretary 
Allied 


ve 


Third Line. Mareadet 


All Records have been beaten with 


Dope, Cloth, Varnish, Paint. 


Ad- 


ronments 


(1; On Avionine Cloth of superior resistance exceeding 3,600 kgs. 


1925. 
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